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ABSTRACT 


A workable  design  is  presented  for  emulating  the 
AN/UYK-7  multiprocessing  computer  system  on  the  Burrough's 
Interpreter  Based  System*  the  D-Maehine.  The  program 
developed  provides  for  exact  execution  of  the  AN/UYK-7 
instruction  repertoire  with  the  exception  of  Floating  Point# 
hardware  interrupts  and  IOC  Inst  rue t i ons . The  design  allows 
for  future  expansion  to  incorporate  these  functions. 
Input/Output  is  limited  to  a card  reader#  line  printer  and 
single  disk.  Various  aspects  of  Emulation#  the  0-Machine# 
and  the  AN/UYK-7  are  discussed  and  a detailed  User's  Manual 
is  provided  along  with  recommendations  for  modifying  the 
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I.  INTRODUCTION 
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In  its  effort  to  provide  the  Fleet  with  officers  well 
versed  in  all  aspects  of  Computer  Science,  the  Naval  Post- 
graduate School  strives  to  furnish  each  student  in  the  Com- 
puter Science  Curriculum  with  ample  opportunities  for 
hands-on  operation  and  programming  experience  on  a variety 
of  computer  systems.  The  systems  presently  available  for 
this  purpose  include  the  IBM  360/67.  POP  11/45.  XDS  9300. 
and  several  varieties  of  mic rocomput er s and  stand  alone 
graphic  systems.  Unfortunately,  this  wide  range  of  avail- 
able systems  and  their  incorporated  programming  languages 
does  not  include  any  of  the  numerous  tactical  computer  sys- 
tems in  use  in  the  Fleet  today;  moreover.  because  of 
budgetary  and  procurement  lead  time  constraints.  it  is 
highly  unlikely  that  the  school  will  have  such  a system  in 
the  near  future.  To  provide  the  desired  systems,  the  Chief 
of  Nava)  Education  and  Training  and  the  Nava)  Postgraduate 
School,  with  the  assistance  of  Burrough's  Corporation,  have 
provided  a medium  through  which  students  may  gain  experience 
and  perform  research  on,  not  one  or  two  Tactical  Data  Sys- 
tems but  potentially  on  any  particular  computer  in  which  the 
student  may  express  an  interest.  This  medium  is  the 
Burrough's  Interpreter  Based  System.  a mi c roprogrammabl e 
computer,  hereafter  referred  to  as  the  Burrough's  D-Machine. 


Through  mi c roprogrammi ng»  the  D-Machine  can  be  made  to 
operate  exactly  like  any  designated  computer  of  interest. 


Through  the  process  of  Emulation  the  authors  sought  to 
demonstrate  that  the  D-Machine  could  be  m i c roprogrammed  to 
imitate  a selected  computer.  As  the  target  computer#  the 
authors  selected  the  AN/UYK-7  which  is  used  extensively  in 
Tactical  Data  Systems  and  is  one  of  the  more  complex  systems 
in  use  today.  It  was  felt  that  if  a realistic  emulation  of 
the  AN/UYK-7  could  be  demonstrated#  then  any  lower  level# 
less  sophisticated  computer  could  also  be  successfully  emu- 
lated. 


The  goal  of  this  thesis  was  not  a complete  AN/UYK-7 
emulation#  but  rather  development  of  the  design  for  the  Emu- 
lation# and  adoption  of  a sufficient  subset  of  the  AN/UYK-7 
instruction  repertoire  to  demonstrate  exact  and  efficient 
execution  of  AN/UYK-7  programs.  The  design  allows  for  a 
complete  emulation  of  all  AN/UYK-7  functions  and  provides 
for  future  expansion  to  a complete  emulation  including  all 
IOC  Functions.  Chapters  II#  III  and  IV  are  designed  to 
provide  the  reader  with  a general  knowledge  of  Emulation# 
the  AN/UYK-7  and  the  Burrough's  D-Machine.  Chapter  V 
describes  the  methods  used  for  imitating  the  AN/UYK-7 
instructions  and  its  various  modes  of  operation.  Chapter  V 
also  defines  the  maooing  of  the  AN/UYK-7  Control  Memory 
Registers  and  status  bits  into  the  Burrough's  D-Machine  for 
the  purpose  of  this  Emulation.  Chapter  VI  presents  some  of 
the  problems  encountered  in  the  course  of  this  thesis#  and 


Modern  computer  systems  are  generally  composed  of  five 
basic  units:  input#  output#  memory#  ar i t hmet i c/ 1 ogi c # and 
control.  The  instruction  execution  and  communications  among 
these  units  are  usually  well  understood  with  the  exception 
of  the  control  unit  which  is#  tyoically#  understood  only  by 
the  system  engineer.  The  control  unit  generates  the  signals 
necessary  for  the  information  flow  and  timing  of  the  system. 
In  conventional  computers  this  is  done  through  the  use  of 
flip-flops  (e.g.  registers  and  counters)  and  gates  designed 
in  a relatively  ad  hoc  manner.  Microprogramming  the  control 
unit  has  been  proposed  as  an  orderly  alternative  to  this  ad 
hoc  design  procedure  where  the  hardware  of  the  control  sec- 
tion is  replaced  by  a "microprogram  control"  unit. 

Mi croprogrammi ng  is  therefore  a technique  for  imple- 
menting the  control  function  of  a digital  computer  using 
programmable  control  signals  stored  in  a separate#  word- 
organized  memory#  called  control  store.  If  the  control 
store  were  a programmable  memory#  then  the  system  architec- 
ture could  be  modified  to  optimize  processing  of  each  task 
to  be  performed#  moreover#  it  could  be  altered  completely  to 
resemble  the  architecture  of  another#  entirely  different 
machine.  The  mi c roorogramm i ng  of  the  control  store  of  a 
computer  system  to  alter  the  basic  architecture  enabling  one 


12 


machine  (the  host  machine)  to  execute  machine  language  pro- 
grams intended  for  another  machine  (the  target  machine)  is 
defined  as  Emulation. 


t 


The  remainder  of  this  chapter  is  divided  into  three 
sections:  general  information  on  microprogramming,  construc- 
tion of  an  emulator  and  applications  of  emulation. 

A.  GENERAL  CONCEPTS  OF  MICROPROGRAMMING 

Since  the  cost  of  software  has  become  a major  portion  of 
the  overal 1 cost  of  comouter  systems  today,  more  and  more 
manufacturers  and  users  are  turning  to  microprogramming  the 
control  section  of  their  computer  to  tailor  the  machine  to 
individual  applications,  thereby  making  computer  programming 
more  efficient. 

The  main  function  of  the  control  section  is  to  specify 
the  conditions  under  which  sets  of  gates  are  to  be  opened. 

In  conventional  machines  this  can  lead  to  a very  complex, 
hardwired  system,  especially  if  the  instruction  set  is 
extensive.  A relatively  simple  field  change,  addition  or 
alteration,  may  require  a major  modification  of  this  complex 
system.  This  is  not  true  in  a computer  that  uses  a 
mi c roprogrammab 1 e control  store.  The  complex  hardwired 
structure  is  replaced  by  mi c roi nst rue t i ons  stored  in  the 
control  store,  one  microinstruction  per  word,  which  tell  the  | 

system  which  arithmetic  and  loqie  operations  to  perform  by 
specifying  which  gates  to  enable/disable.  In  this  way. 
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control  of  the  computer  is  removed  from  the  hardware  and 
placed  under  the  control  of  the  mi croprogrammer.  This 
places  a heavy  burden  on  the  programmer  since  he  must  become 
intimately  familiar  with  the  innermost  workings  of  the 
machine;  however*  it  allows  him  to  model  the  machine  to  his 
specific  programming  needs.  This  gives  the  microprogrammer 
extreme  flexibility  in  his  applications  on  the  computer. 


There  are  two  types  of  mi c roi nst rue t i ons : vertical  and 
horizontal.  Vertical  mi c roi ns t rue t i ons  usually  control  one 
operat i on;  and  the  address  of  the  successor  mi c roi nst  rue t i on 
is  implicitly  the  current  address  plus  one*  unless  the 
current  microooerat ion  causes  a branch.  In  horizontally  mi- 
croprogrammed machines  each  control  bit  of  a microinstruc- 
tion is  assigned  to  a specific  gate  or  set  of  gates.  This 
means  that  one  microinstruction  can  control  multiple  opera- 
tions. On  the  other  hand*  vertical  microinstructions  are 
divided  into  separate  fields*  each  of  which  are  then  decoded 
to  enable/disable  specific  gates  or  sets  of  gates;  there- 
fore* horizontal  mi c roi nst rue t i ons  reauire  less  decoding  and 
provide  more  flexibility.  However*  the  advantage  of  verti- 
cal microinstructions  is  that  they  generally  require  shorter 
control  words  considerably  reducing  the  overall  cost  of  con- 
trol micromemory.  The  length  of  control  words  vary  from  20 


bits  (vertical)  to  in  excess  of  120  bits 
average  microinstruction  is  50-80  bits, 
host  machine  for  this  thesis*  utilizes 


(hori zontal  ) ; the 
The  0-Machine»  the 
a combination  of 
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vertical  (Type  II)  and  horizontal  (Type  I)  microinstructions 
in  the  form  of  a 56-bit  word. 

Since  the  execution  time  of  one  horizontal  microinstruc- 
tion is  essentially  the  same  as  that  of  one  vertical  mi- 
cro! nst rue t i on,  the  multiple  ooerations  performed  during  one 
horizontal  instruction  is  a desirable  feature.  This  paral- 
lelism can  drastically  reduce  the  size  of  a microprogram, 
and  dramatically  decrease  execution  times.  These  reductions 
can  only  be  realized,  however,  if  the  programmer  can  recog- 
nize concurrent  actions  and  optimally  group  them  into  one 
instruction.  A great  deal  of  work  has  been  done  toward  in- 
cluding the  efficient  use  of  available  resources  into  a com- 
piler for  a high-level  mi c roDrogrammi ng  language,  but  with 
little  success.  Either  the  probability  of  making  the  deter- 
mination is  low,  or  the  cost  of  the  optimization  is  too 
high.  Much  additional  research  is  required  in  the  area  of 
recognizing  and  combining  potentially  concurrent  actions. 

Different  mi c roi nt rue t i ons  specify  different  microopera- 
tions to  be  performed,  and  deoending  on  the  nature  of  the 
mi c rooperat i ons , some  phase  of  one  instruction  may  overlap  a 
phase  of  a subsequent  instruction.  Instruction  timing  is, 
therefore,  an  important  factor  in  the  overall  efficiency  of 
mi c roprograms  in  which  microoperations  are  not  mutually  ex- 
clusive. A brief  description  of  the  timing  considerations 
that  must  be  made  in  mi c rooroqrammi ng  the  Surrough's  D- 
Machine  is  given  in  Chapter  IV. 
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Many  main-frame  manufacturers  hesitate  to  allow  the  no- 
vice programmer  access  to  the  innermost  workings  of  their 
computer  (e.g.  registers#  data  paths#  and  gates).  One 
method  of  prohibiting  this  access  is  to  use  read-only  mi- 
cromemory with  the  microprograms  being  provided  by  the  com- 
puter manuf acturer . This  helps  preserve  the  designed  iden- 
tity of  the  computer  but  does  not  provide  for  its  optimum 
use.  The  programmer  who  is  given  the  capability  of  modify- 
ing the  logical  design  of  the  machine  to  his  specific  pro- 
gramming needs  will  find  his  programming  tasks  greatly  sim- 
plified. For  example#  he  could  implement  new  instructions# 
such  as  floating  point#  which  were  not  designed  into  the 
original  machine. 

In  summary#  microprogrammi ng  is  becoming  more  widely 
used  for  the  following  reasons:  1)  the  flexibility  and 
growth  potential  of  microprogrammable  machines  (especially 
in  the  area  of  emulation)#  2)  increasing  software  costs  and 
current  semi-conductor  technology  favor  microprogram  design# 
and  3)  user-or i anted  instructions  can  be  designed  into 
machines  through  mi croprogrammi ng. 


B.  BUILDING  AN  EMULATOR 

Emulation  describes  a process  through  which  the  hardware 
components  of  one  machine  (host)  are  made  to  "appear"  to  as- 
sume the  specific  characteristics  of  the  hardware  of  another 
machine  (target).  This  provides  the  host  machine  with  the 
capability  of  executing  machine  language  instructions 
written  for  the  target  machine.  Simulation  is  a software 
process  that  provides  the  same  capability  for  program 
execution;  however , simulation  involves  interpretive 
execution  by  a high-level  language  program.  Emulation 
differs  in  that  an  emulator  performs  its  interpretive  execu- 
tion through  the  hardware.  Simulations  usually  perform 
within  a factor  of  100-200  times  real-time.  Emulation  is 
generally  within  a factor  of  10,  but  often  can  be  tuned  to 
approach  real-time.  For  this  reason  emulations  are  usually 
more  cost-effective  than  simulations.  The  following  para- 
graphs describe  the  process  involved  in  building  an  emula- 
tor. 

There  are  two  major  approaches  to  emulating  a target 
machine:  1)  the  hardware  and  firmware  (the  physical  realiza- 
tion of  a microprogram)  can  be  used  in  conjunction  with  a 
software  simulator  (software  alone  would  be  pure  simula- 
tion), or  2)  the  hardware  and  firmware  can  execute  with  no 
software  support. 

Depending  on  the  percentage  of  software  utilized,  a 
software-assisted  emulation  may  be  somewhat  slower  than  a 
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firmware  emulation.  Typically#  the  programmer  mentally 
develops  a software  simulation  of  the  target  machine.  He 
then  decides  which  sequences  of  instructions  are  most  fre- 
quently used#  and  which  are  the  hardest  to  simulate.  These 
become  candidates  for  mi c roprogrammi ng.  Frequently  a single 
new  instruction  can  be  microprogrammed  to  replace  repetitive 
sequences  of  the  same  high-level  instructions#  thus  speeding 
up  the  emulation.  With  this  software-firmware  approach  the 
user  must  decide  the  point  at  which  he  must  stop  substitut- 
ing microcode  for  software  routines.  This  is  generally 
dependent  on  the  amount  of  control  storage  available#  or  the 
cost-performance  criteria  with  which  he  is  working.  An  ex- 
ample of  a software-hardware  approach  to  emulation  is  the 
IBM  7000  series  emulators  used  with  the  IBM  System/3b0  Model 
65. 
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The  Burrough's  D-Machine  provides  the  capability  of  emu- 
lation using  the  software-hardware  method.  A simulation  is 
written  in  the  high-level  language  ALGOL.  ALGOL  on  the  0- 
Machine  allows  the  user  to  define  a new  operator  which#  when 
called  in  the  simulation  program#  branchs  to  a preprogrammed 
series  of  microinstructions#  executes  the  mi c roi nst rue t i ons » 
and  returns  to  the  ALGOL  program.  This  gives  the  user  the 
ability  to  execute  frequently  used  routines  (such  as  in- 
struction fetch)  from  micromemory  which  has  a faster  cycle 
time  than  that  of  main  memory  where  the  ALGOL  simulator  re- 
sides. An  advantage  to  this  aoproach  is  that  the  system 
does  not  have  to  be  regenerated  after  different  emulators 
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are  run  since#  in  essence#  only  an  ALGOL  program  has  been 
executed.  However#  as  previously  discussed#  this  software 
emulator  is  slower  than  a firmware-controlled  emulator. 

The  authors  used  the  hardware-f i rmware  approach  in  their 
emulation  of  the  AN/UYK-7.  This  method  will  be  developed  in 
more  detail  along  with  suggested  hardware  additions  which 
could  enhance  the  emulation.  Control  of  the  system  resides 
entirely  in  the  firmware#  which  means  that  the  emulator# 
once  loaded#  dedicates  the  machine  to  that  emulation#  and 
native  mode  programs  can  no  longer  execute  until  system  re- 
generation. This  unproductive  overhead  of  loading  and  re- 
loading the  emulator  and  the  native  mode  machine  is  one 
drawback.  An  additional  drawback  is  the  larger  micromemory 
required  since  the  entire  emulation  is  microprogrammed. 
However#  the  emulator  executes  exclusively  through  firmware 
making  this  approach  to  emulation  significantly  faster.  An 
example  of  a f i rmware-cont rol 1 ed  emulator  is  the  IBM  1401 
emulator  on  the  System/360  Model  30. 

Although  systems  such  as  the  0-Machine  use  horizontal 
microinstruct ions  to  enable  parallel  or  concurrent  opera- 
tions# the  microprogram  can  only  perform  one  function  of  the 
target  machine  at  a time.  That  is#  if  the  target  machine 
performs  parallel  operations  such  as  executing  one  instruc- 
tion while  simultaneously  fetching  the  next  instruction#  the 
microprogram  can  only  emulate  one  of  these  functions  at  a 
time.  It  must  execute  the  current  instruction  and  then 
fetch  the  next  instruction.  For  this  reason#  emulation  is 
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usually  slower  than  the  real  time  performance  of  the  target 


machine  even  though  it  may  have  a faster  memory  cycle  time. 

In  order  to  emulate  a target  machine*  the  m i c roprogram- 
mer  must  first  understand  three  areas:  1)  the  host  machine* 
2)  the  target  machine  and  3)  the  microlanguage.  Second*  the 
registers*  counters*  and  accumulators  of  the  target  machine 
must  be  mapped  into  the  host  machine.  This  is  often  done  in 
two  steps  - depending  on  the  number  of  available  registers 
in  the  host  machine.  The  registers  of  the  target  machine 
most  frequently  used  should  be  mapped  directly  to  registers 
in  the  host  where  possible.  The  remaining  registers  of  the 
emulated  machine  are  mapped  into  the  host's  main  memory.  As 
many  of  the  target  machine’s  registers  as  possible  should  be 
mapped  directly*  so  that  fewer  memory  references  will  be  re- 
quired by  the  emulator.  For  example*  if  the  emulator  were 
executing  a Load  Accumulator  instruction  and  the  specified 


accumulator  had  been  mapped  into  one  of  the  host's  regis- 
ters* then  only  one  microinstruction  is  needed  to  emulate 
the  load  instruction.  However*  if  the  accumulator  had  been 
maoped  to  a memory  location*  then  it  would  take  several  mi- 
croinstructions to  emulate  the  entire  operation  - i .e.  setup 
the  store  address*  store  the  value  to  be  loaded  into  the 


write  register*  and  perform  a write  to  main  memory.  Not 
only  does  this  require  additional  instructions*  but  it  also 
includes  a main  memory  access*  whose  cycle  time  is  slower 
than  mi cromemory ' s cycle  time.  Some  instructions  may  re- 
quire two  main  memory  cycles*  such  as  an  ADD  where  the 
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mapped  accumulator  must  be  read?  added  to  and  then  written 
out.  This  demonstrates  the  necessity  of  mapping  as  many 
registers  as  possible  to  the  host  machine's  hardware.  Sel- 
dom? however?  can  this  mapping  be  accomplished  without  some 
use  of  main  memory?  therefore?  the  microprogrammer  must 
select  some  portion  of  main  memory  as  a privileged  area  for 
register  mapping.  The  authors  reserved  the  first  1024  words 
of  main  memory  in  the  emulation  of  the  AN/UYK-7?  for  regis- 
ter and  buffer  mapping. 


The  next  step  in  the  emulation  is  to  assume  that  a 
user's  object  program  is  resident  in  main  memory.  The  emu- 
lator must  then  fetch?  decode  and  execute  the  program?  in- 
struction by  instruction.  The  microprogrammer  must  decide 
which  emulation  functions  should  be  written  as  subroutines? 
and  which  functions  should  be  written  in  line.  The  most  fre- 
quently referenced  subroutine  in  any  emulation  is  the  fetch 
routine  since  it  is  executed  for  every  instruction.  The 
normal  steos  involved  in  this  routine  ares 

1.  Determine  the  address  of  the  next  instruction 
as  indicated  by  the  program  address  register. 

2.  Read  the  instruction  from  the  main  memory  ad- 
dress calculated  in  step  1.  This  is  the 
current  instruction  to  be  emulated. 

3.  Decode  the  instruction  into  its  designator 
fields. 

<4.  Calculate  the  operand  address.  (The  AN/UYK-7 
uses  a displacement  plus  an  index  register  plus 
a base  register). 

5.  Read  the  operand  from  main  memory. 
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Perform  indirection  if  allowed  and  indicated 
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7.  Some  instruction  sets#  AN/UYK-7  for  example# 
allow  whole  or  half-words.  Check  if  current 
instruction  is  half-word. 

8.  Some  instruction  sets  operate  on  partial  word 
operands.  If  so  determine  if  quarter#  half  or 
full-word  operand  is  to  be  used. 

These  steps  must  be  executed  for  each  instruction 
fetched  from  the  user's  program.  Depending  on  the  particu- 
lar instruction  being  emulated#  some  of  these  steps  may  be 
omitted  (step  8 is  only  performed  for  Format  I instructions) 
but  the  majority  are  generally  applicable.  This  demon- 
strates the  overhead  involved  in  emulation  prior  to  branch- 
ing to  the  microroutine  that  does  the  actual  instruction  ex- 
ecution. 


I !• 
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Some  hardware  additions  that  can  facilitate  emulation 
are  a fast  shifter  and  a field  select  unit  (FSU).  The 
shifter  simplifies  variable-length  byte  extraction#  a common 
emulation  process.  For  instance#  in  the  D-Machine  it  takes 
the  same  amount  of  time  to  shift  a word  by  1 bit  as  it  does 
for  any  shift  up  to  31  bits.  The  FSU  allows  the  testing  of 
selected  fields  without  requiring  a cycle  to  go  through  the 

adder  (the  0-Machine  does  not  have  this  feature).  This  re- 

* 

lieves  the  programmer  of  masking  and  shifting  fields  prior 
to  testing  them.  These  two  features  are  the  most  common  and 
cost-effective  additions  to  the  hardware. 
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1.  Emulators  must  be  integrated  with  the  operating 
system  and  run  as  a problem  program.  This  el- 
iminates the  overhead  of  loading  and  reloading 
the  emulator  and  the  native  mode  machines. 

2.  Allow  multiprogramming  of  emulators  as  well  as 
a mi*  of  emulators  and  native  mode  programs. 

3.  All  programs  including  emulators  must  be  inter- 
ruptible. 

With  such  a system  IBM  felt  they  could  give  the  user  an 
improved/  more  efficient  environment  from  which  to  operate/ 
either  in  the  emulator  or  native  mode.  The  authors  feel 
this  should  be  a primary  field  for  future  app 1 i ca t i ons . 

The  final  item  to  be  discussed  in  the  Section  is  emula- 
tion of  Input /Output  operations.  Most  sources  agree  that 
emulation  of  I/O  is  as  difficult/  if  not  more  so/  than  the 
implementation  of  the  central  processor's  instruction  set. 
This  is  true  primarily  because  once  the  basic  routines  need- 
ed for  instruction  and  operand  fetch  are  programmed/  the  ac- 
tual instruction  executions  are  fairly  easy  to  microprogram. 
This  is  not  necessarily  true  with  I/O  - buffers  must  be  set 
up/  data  conversion  possibly  performed/  and  perhaps  the 
hardest  point/  emulating  circumstances  in  which  results  are 
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not  yet  known.  Fop  instance*  if  the  I/O  is  to  search  for  a 
specified  record*  then  what  happens  if  the  key  cannot  be 
found?  There  are  many  such  checks  or  error  conditions  that 
make  I/O  difficult  to  emulate.  Another  major  problem  is 
emulating  interrupt  handling  during  I/O.  Since  emulation  of 
I/O  is  essentially  a separate  topic  and  since  the  authors 
did  not  implement  emulation  of  the  AN/UYK-7  Input/Output  in- 
struction set  as  part  of  the  thesis*  I/O  emulation  will  not 
be  described  in  any  further  detail.  However*  references  5* 
12*  15*  21*  and  22  provide  excellent  material  on  this  topic. 


C.  APPLICATIONS 

This  section  is  designed  to  familiarize  the  reader  with 
some  of  the  applicable  areas  for  emulation  usage.  It  is  by 
no  means  an  exhaustive  study  of  this  topic*  nor  is  it  in- 
tended to  be  so. 

Emulation  was  first  used  in*  and  is  still  the  primary 
application  for*  converting  from  second  generation  computing 
systems  to  third  generation  systems.  Normally*  the  process 
is  costly  and  dangerous  in  the  aspect  of  converting  programs 
running  on  the  existing  system  to  programs  capable  of  exe- 
cuting on  the  new  machine.  There  are  several  methods  other 
than  emulation  capable  of  performing  this  task*  none  of 
which  are  completely  satisfactory:  simulation  is  slow*  au- 
tomated translation  is  unproven*  and  instruction  by  instruc- 
tion reprogrammi ng  is  costly  and  cumbersome*  The  advantage 
of  emulation  is  that  if  the  old  machine  could  be  emulated  on 
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the  new  machine  allowing  direct  execution  of  all  old  pro- 
grams# then  the  old  programs  could  be  converted  at  leisure# 
if  desired  and  justified.  For  example#  reprogramming  might 
not  be  cost  effective  or  justified  for  a program  with  an  ex- 
pected life  span  of  six  months.  In  such  circumstances  con- 
tinued emulation  of  the  program  is  the  solution.  However# 
the  situation  might  be  different  if  the  program  had  an  ex- 
pected life  span  of  three  years. 

Another  major  application  for  emulation  is  the  design# 
development#  and  testing  of  a newly  conceived  system  on  an 
existing  system.  The  target  machine  does  not  necessarily 
have  to  be  an  existing  computer  system#  and  the  user  could 
experiment  with  the  design  of  any  machine  he  desires.  In 
this  way  a richer  instruction  set  can  be  achieved#  moreover# 
software  and  diagnostic  routines  could  be  developed  for  the 
new  machine  prior  to  the  machine  even  being  produced  or 
marketed.  IBM  used  this  method  to  some  extent  by  emulating 
System/370  on  System/360  prior  to  building  System/370.  This 
application  tends  to  decrease  the  time  from  initial  con- 
struction to  marketing  because  software#  such  as  the  operat- 
ing system#  can  be  tested  and  debugged  concurrently. 

A third  application#  and  one  seen  as  a major  trend  for 
the  future#  is  the  ability  of  the  user  to  adapt  the  computer 
to  his  individual  needs.  Modern-day  computers  are  built  as 
powerful#  general-purpose  machines  designed  to  operate 
effectively  over  a large  field  of  problems.  In  doing  so# 
however#  the  machine  cannot  optimize  execution  of  any  one 
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particular  application.  Emulation  gives  the  user  this 
ability.  The  user  can  either  operate  from  an  existing 
emulator,  or  he  can  tune  the  emulator  to  his  individual 
application  through  microprogramming.  One  user  may  want  a 
machine  oriented  toward  string  operations,  while  another 
user  may  be  doing  extensive  scientific  calculations.  If 
each  user  could  execute  from  a separate  emulator  tuned  to 
his  individual  application,  then  each  would  be  more 
efficient  and  productive.  In  addition  the  computer  would 
probably  be  easier  for  the  user  to  program.  This  is  the 
area  where  multiprogramming  of  emulators  is  projected  to  be 
of  the  most  use. 

There  are  several  other  areas  of  emulation  usage  which 
were  not  discussed?  such  as  the  academic  environment  for 
research  purposes  (the  reason  for  this  thesis),  and  tuning 
of  existing  software.  However,  as  previously  stated,  this 
section  was  designed  only  to  give  the  reader  a flavor  of  the 
possible  uses  of  emulation  and  perhaps  stimulate  his  own 
ideas  for  possible  applications.  For  additional  and  more 
detailed  material  see  references  2,  15  through  18,  and  20 
through  2<4. 
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This  chapter  is  intended  to  introduce  the  reader  to 
those  operational  characteristics  and  capabilites  of  the 
AN/UYK-7  computer  most  pertinent  to  the  Emulation.  This 
will  assist  the  reader  in  understanding  the  design  and  map- 
pings used  in  this  Emulation  and  presented  in  subsequent 
chapters.  This  chapter  is  not  intended  to  be  a technical 
manual  and  should  not  be  used  for  that  purpose.  The  reader 
should  consult  references  26  and  27  for  more  detailed  infor- 
mation. 

The  AN/UYK-7  is  a highly  reliable#  ruggedized#  mul- 
tiprocessor system  designed  and  manufactured  by  the  Univac 
Division  of  Sperry  Rand  Corporation.  Built  to  military 
specifications  (MIL -E -16400)#  it  is  utilized  extensively 
throughout  the  United  States  Navy  in  Tactical  Data  Process- 
ing aoplications  (26).  Rapid  data  transfer  rates  are  pro- 
vided during  communications  between  external  devices#  inter- 
nal random-access  memory#  and  the  central  processor.  The 
system  is  capable  of  average  command  execution  times  of  l.S 
microseconds#  and  an  input  data  transfer  rate  of  over  one 
million  32-bit  words  per  second.  The  AN/UYK-7  maintains  two 
completely  separate  sets  of  index,  arithmetic  and  relative 
address  (Base)  registers#  for  use  during  Task  and  Executive 
states.  In  addition#  a set  of  18  privileged  instructions 
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with  special  characteristics  for  executive  control  are 
reserved  for  the  Interrupt  State.  These  features  along  with 
the  parallelism  of  AN/UYK-7  field  and  register  references* 
make  it  an  extremely  difficult  system  to  emulate  in  real** 
time. 

The  AN/UYK-7  was  designed  to  operate  as  either  a single 
or  multiple  processor  system  with  up  to  256K*  32-bit  words 
of  random  access  memory.  This  allows  on-line  acce-ss  to 
1024K  bytes  through  an  instruction  feature  which  permits 
whole-word*  half-word*  or  guarter-word  memory  references. 
This  Emulation  assumed  an  AN/UYK-7  configuration  consisting 
of  a single  processor,  monoprogrammi ng*  with  one  64K,  32-bit 
word  memory  module.  Partial  word  references  were  fully  emu- 
lated providing  random  access  to  256K  bytes. 

A.  INTERRUPTS 

The  AN/UYK-7  processes  data  in  real-time  in  response  to 
a highly  prioritized  interrupt  system  with  decision-making 
properties.  This  oriority  system  allows  the  central  pro- 
cessor to  select  that  program  routine  which  is  necessary  to 
respond  to  the  interrupt  requiring  the  most  urgent  atten- 
tion. Since  the  Emulator  was  designed  for  a monoprogramming 
environment  using  asynchronous  I/O*  the  interrupt  features 
of  the  AN/UYK-7  were  not  fully  implemented.  Several  types 
of  interrupts*  such  as  Program  Faults  (Illegal  Instruc- 
tions)* were  implemented  and  tested.  All  interrupt  handling 
flags*  lockouts  and  registers  were  mapped  into  the  Emulator. 


This  win  facilitate  full  implementation  of  interrupt 
features  - should  a decision  be  made  to  incorporate  mul- 
t iprogrammi ng  or  synchronous  I/O  in  the  course  of  expansion 
to  a full  Emulation. 

B.  CENTRAL  PROCESSOR 

The  AN/UYK-7  central  processor  contains  all  the  control# 
arithmetic  and  timing  circuitry  required  for  processing  al- 
phanumeric data  and  for  executive  functions.  The  central 
processor  operates  in  two  different  modes  or  states:  the  In- 
terrupt State  executes  executive-type  functions#  and  the 
Task  State  processes  user  programs.  A group  of  16 
privileged  instructions  and  a separate  set  of  arithmetic# 
index  and  base  registers  are  reserved  for  the  exclusive  use 
of  the  processor  while  in  the  Interrupt  State.  These 
features  greatly  enhance  the  AN/UYK-7's  multiprocessing  and 
mu  1 1 iprogrammi ng  capabilities.  These  special  instructions 
and  registers  were  mapped  into  the  Emulator#  however#  they 
were  not  fully  implemented  because  of  the  monoprogramming 
environment  in  which  the  Emulator  was  to  be  run. 

The  AN/UYK-7  maintains  a central  processor  control 
memory  (CMR)  consisting  of  82  integrated-circuit#  random- 
access  registers  of  varying  sizes  appropriate  to  their  func- 
tion (e>g.  A-registers  32-bits#  B-registers  20-bits).  The 
various  registers  are  grouoed  into  stacks  according  to  their 
use#  addressing#  and  relative  size.  In  the  Emulator#  these 
registers  were  maooed  into  the  O-Machine’s  main  memory 


starting  at  address  0000#  with  address  assignments 
corresoondi ng  exactly  to  that  of  the  AN/UYK-7.  The  notable 
exception  was  that  CMR  addresses  designated  as  "Unassigned" 
in  the  AN/UYK-7  were  used  as  temporary  storage  registers  in 
the  Emulator.  Register  mapping  is  discussed  in  more  detail 
in  Chapter  V and  presented  in  tabular  form  in  Figure  V-2. 

The  AN/UVK-7  registers  of  particular  interest  to  the 
user  are:  the  Program  Address  Register  (PAR);  the  Active 
Status  Register  (ASP) ; and  the  Base#  Index  and  Arithmetic 
Register  groups.  These  are  the  only  registers  which  are  ei- 
ther directly  addressable  or  accessible  to  the  programmer. 

1.  Program  Address  Register  (PAR) 

The  PAR  is  a 20-bit  register  used  for  addressing  the 
next  instruction  to  be  fetched  from  memory  for  execution. 
It  consists  of  a 16-bit  disolacement  value  and  a 3-bit  Base 
Register  reference.  The  effective  instruction  address  is 
formed  by  the  addition  of  the  displacement  and  the  contents 
of  the  selected  Base  register.  The  PAR  displacement  value 
is  incremented  by  one  word  at  the  completion  of  each  in- 
struction cycle  with  the  exception  of  JUMP  instructions. 
These  instructions  cause  replacement  of  the  PAR  by  the  "s" 
and  "y"  operand  fields  of  the  JUMP#  thus  providing  for  out- 
of-sequence  instruction  execution.  The  PAR  mapping  in  the 
Emulator  is  not  composed  of  two  separate  fields#  but  rather 
as  the  calculated  effective  address.  This  greatly  simpli- 
fies and  expedites  instruction  references#  however#  it 
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causes  some  difficulty  with  specific  instructions  which  re- 
quire access  to  the^two  separate  fields  of  the  PAR.  When 
encountered#  this  problem  was  overcome  by  dividing  the  PAR 
value  by  8K.  Since  the  Base  registers  were  preinitialized 
in  8K  increments#  starting  at  102A#  the  results  of  the  divi- 
sion yielded  a quotient  equivalent  to  the  Base  register  as- 
signment# and  a remainder  equal  to  the  displacement. 

2.  Active  Status  Register  (ASR) 

The  ASR  is  a 23-bit  register  used  to  indicate  and 
control  the  status  of  various  operations  in  the  central  pro- 
cessor. Individual  bits  of  the  register  are  assigned  spe- 
cial functions#  and  when  set  indicate  that  a particular 
status  exists  and  that  the  processor  should  be  controlled 
accordingly.  Individual  bits  are  set/cleared  as  the  result 
of  either  an  instruction  execution  or  direct  processor  in- 
tervention. The  bits  of  particular  interest  to  the  program- 
mer are  the  arithmetic  bits  (eoual#  greater  than  or  equal# 
overflow#  and  limits)  which  are  set  as  the  result  of  arith- 
metic functions#  and  may  be  interrogated  Dy  specific  in- 
structions# such  as  conditional  jumps.  Based  on  the  con- 
dition of  the  bit  tested  these  conditional  instructions  may 
cause  a change  in  the  program  sequence.  In  the  Emulator  the 
ASR  bits  most  frequently  referenced  by  the  programmer  are 
mapped  into  a D-Machine  internal  register  together  with  the 
PAR.  This  considerably  reduces  main  memory  references#  and 
reduces  Emulator  execution  time.  The  ASR  mapping  is  dis- 
cussed in  detail  in  Chapter  V. 

31 


3.  Base  Register  (S) 


There  are  two  sets  (Interrupt/  Task)  of  IB-bit  S- 
Registers/  numbered  0-7.  These  registers/  used  in  final  Y- 
Operand  and  instruction  address  calculations/  are  necessary 
in  a multiprogramming  and  multiprocessing  environment.  In 
spite  of  the  monoprogrammmi ng  environment  of  the  Emulator/ 
the  registers  were  mapped  and  used  as  designed?  however/ 
they  were  orei ni t i al i zed  by  the  Loader  at  8K  boundaries 
starting  at  address  1024.  This  provided  the  Emulator  access 
to  64K  of  main  memory  in  increments  of  8K  pages. 

4.  Arithmetic  Register  (A) 

There  are  two  sets  (Interrrupt/  Task)  of  32-bit  A- 
Registers/  numbered  0-7.  They  are  used  extensively 
throughout  the  instruction  set  to  hold  one  or  more  of  the 
operand  - inputs  to/  or  results  of  arithmetic  functions. 
The  A-Registers  also  serve  as  the  main  interface  between  the 
central  processor  and  main  memory.  These  registers  are 
directly  addressable  by  the  programmer. 

5.  Index  Register  (B) 

There  are  two  sets  (Interrupt/  Task)  of  20-bit  B- 
Registers/  numbered  1-7.  These  registers  can  be  used  as 
counters/  or  they  can  be  employed  in  a special  addressing 
technique  called  Indexing.  During  normal  Y-Ooerand  address 
calculations/  the  designated  B-Register  is  added  to  the  y- 
disptacement  and  a specific  S-Register  to  form  an  effective 


In  order  to  minimize  access  time  and  field  decoding* 
all  CMR  registers  were  treated  as  32-bit  registers  in  the 
Emulator.  This  caused  no  oroblems  with  the  exception  of  the 
PAR  and  Index  Registers*  which  were  resolved  as  previously 
discussed.  The  A*  S*  and  B-Registers  are  directly  address- 
able through  the  Load/Store  CMR  Instructions  of.  the  AN/UYK- 
7.  They  are  incidentally  addressable  through  references  in 
specific  fields  of  the  different  Format  instructions 
reserved  for  that  purpose. 
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C.  INSTRUCTION  FORMAT 

Instructions  of  the  central  processor  appear  in  five 
different  formats  according  to  their  operational  charac- 
teristics* as  presented  in  Figure  III-l.  Formats  I*  Ilf  and 
III  occupy  a fullf  32-bit  computer  word*  Formats  IV-A  and 
IV-B  each  occupy  a half  computer  word.  Two  half-word  in- 
structions can  be  stored  in  one  memory  location.  Imhen  a 
half-word  instruction  in  the  upper  half  of  the  computer  word 
is  executedf  the  processor  sets  bit  15  of  the  ASR*  if  a 
whole-word  or  lower  half-word  is  executed  the  bit  is 
cleared.  In  the  emulator*  this  bit  determines  whether  the 
subroutine  IFETCH  or  HALFFETCH  is  executed.  IFETCH  reads 
the  next  32-bit  instruction  from  memory.  HALFFETCH  shifts 
the  lower  half-word  of  the  current  instruction  into  the 
upper  halfword  position  for  execution. 

Each  of  the  five  formats  divide  the  instruction  into 
different  fields.  Each  field  except  "y"  (the  constant  or 
address  field)  has  a particular  function  in  controlling  the 
various  internal  enables  and  commands  required  for  proper 
execution  of  the  instruction.  Some  fields  define  the  use* 
modification  or  application  of  the  y-field  to  secure  the 
desired  operand;  others  select  an  accumulator*  index*  or 
base  register*  others  select  an  IOC*  define  a sub-function 
code*  or  combine  to  form  a special  interpretation  defined  by 
the  instruction.  The  AN/UYK-7  maintains  a repertoire  of  132 
central  processor  instructions  whose  specific  functions  are 
defined  in  detail  in  reference  26. 
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Elements  of  the  word  are  interpreted  as  follows: 


FIELD 

BASIC 

DEFINITION 

f 

6-bit 

function  code 

f 2 

3-bi  t 

subfunction  code 

fi 

2-bi  t 

subfunction  code 

f« 

3-bi  t 

subfunction  code 

a 

3-bi  t 

accumulator  register  designator 

k 

3-bi  t 

operand  i nt erpret at i on  designator 

m 

6-bi  t 

shift  count  designator 

b 

3-bit 

index  register  designator 

i 

1-bit 

indirect  addressing  designator 

s 

3-bi  t 

base  designator 

y 

13-bit 

address  di spl acement /operand  designator 

c 

2-bi  t 

control  designator 

c 1 

1-bit 

indirect  subfunction  designator 

w 

6-b  i t 

character  length  designator 

p 

5-bit 

oosition  indicator  for  character  length 

d 

16-bit 

address  displacement 

INSTRUCTION  AND  INDIRECT  ADDRESS  WORD  FORMATS  1271 

FIGURE  III-l 
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Of  particular  note  to  the  reader  is  the  K-Field  of  the 
Format  I instructions.  The  value  of  K designates  whether 
the  operand  to  be  fetched/stored  is  a whole#  half#  or 
quarter-word  operand#  as  depicted  in  Figure  III-2.  If  the 
value  of  K implies  a partial-word  operation#  then  it  also 
determines  which  portion  of  the  32-bit  word  is  to  be  ac- 
cessed. That  is#  a K-value  designating  a quarter-word 
(byte)  transfer  can  also  specify  that  the  byte  is  located  in 
the  upper#  lower#  or  one  of  the  intermediate  two  bytes  of 
the  U-byte»  32-bit  operand.  It  is  this  function  that  makes 
the  AN/UYK-7  an  extremely  powerful  word  processing  machine. 
This  function  was  fully  implemented  and  tested  in  the  Emula- 
tor. 


K 

RE  AO 

MEMORY  to  ARITHMETIC 

STORE 

ARITHMETIC  to  MEMORY 

0 

sy (SE)tB(b)  ->  A 1 5-0 ( SE ) 

NOT  USED 

1 

Y 1 5-0  ->  A 1 5-0  (SE) 

A 15-0  ->  Y 15-0 # Y3 1 - 1 6 unchg 

2 

Y31-16  ->  A 15-0  (SE) 

A15-0  ->  Y31-16#  Y 15-0  unchg 

3 

Y31-0  ->  A 3 1 -0 

A31-0  ->  Y31-0 

a 

Y7-0  ->  A7-0  (ZE) 

A7-0  ->  Y 7-0 # Y 3 1 -8  unchg 

5 

Y 1 5-8  ->  A7-0  (ZE) 

A7-0  ->  Y15-8#  Y31-16  unchg 

6 

Y23-16  ->  A7-0  (ZE) 

Y7-0  unchg 

A7-0  ->  Y23-16?Y31-2a  unchg 

7 

Y31-24  ->  A7-0  (ZE) 

Y15-0  unchg 

A7-0  ->  Y31-2«?  Y23-0  unchg 

SE— sign  extended?  ZE--iero  extended 
A is  the  ACCUMULATOR  specified  by  the  a-field 


FORMAT  I INSTRUCTION  K-FIELD  INTERPRETATION  127] 

FIGURE  1 1 1-2 
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0.  MODES  OF  OPERATION 


There  are  several  different  modes  of  operation  of  the 
AN/UYK-7;  most  of  them  are  concerned  with  different  address- 
ing techniques.  Specifically*  they  are:  normal  mode*  index 
mode*  repeat  mode*  and  indirection.  In  the  normal  mode*  the 
Y-Operand  address  is  calculated  as  the  sum  of:  the  y-offset* 
a base  register  and  an  index  register*  or  Y = y + B(b)+SCs) . 
There  are  two  exceptions  to  this  general  formula.  First*  if 


the 

K-f  ield 

of 

Format 

I 

instructions  is 

a zero  then 

Y=syt8(b)*  where 

"sy" 

i s 

the 

concatenation  of 

the 

s-f i e 1 d 

and 

y-f  iel  d 

of 

t he 

instruction.  Second*  for 

al  1 

i nst  rue- 

tions  regardless  of  Format*  if  the  8-field  is  zero  then  the 
B(b)  value  used  in  calculating  the  Y-Operand  address  is  al- 
ways zero.  There  are  several  additional  addressing  tech- 
niques employed  during  the  repeat  and  indirect  modes  of 
operation.  They  are  described  in  detail  in  Chapter  V. 
These  ad  hoc  addressing  techniques  employed  by  the  AN/UYK-7 
greatly  enhance  its  caoabilities  but  were  extremely  diffi- 
cult functions  to  emulate. 


IV.  BURROUGH'S  O-MACHINE 


r! 

' 

; ; 


A.  GENERAL  DESCRIPTION 

An  Interpreter  Based  System  is  a digital  processing  con- 
cept developed  by  Burrough's  Corporation*  that  utilizes 
hardware  building  blocks  which  can  be  tailored  through  mi- 
croprogramming to  perform  as  a variety  of  general  purpose  or 
special  purpose  general  processors  (7*  6*  24],  The  basic 
Interpreter*  also  referred  to  as  the  D-Machine*  is  the  pri- 
mary building  block  of  this  unique  system.  It  is  composed 
of  five  functional  modules  each  of  which  can  be  modified  to 
manipulate  an  8 to  64-bit  word  format  in  increments  of  8 
bits.  In  the  Naval  Postgraduate  School  configuration*  two 
of  these  modules*  the  Nanomemory  and  the  Micromemory*  are 
combined  into  one.  The  register  sizes  given  in  the  follow- 
ing descriptions  of  the  modules  are  specific  to  this  confi- 
guration which  is  a 32-Mt  D-Machine. 

1.  Logic  Unit  (LU) 

The  Logic  Unit  (LU)»  presented  in  Figure  I V — 1 * con- 
tains all  the  registers*  the  Barrel  Switch  and  the  Adder 
which  are  available  to  the  mi croprogrammer  for  manipulating 
data  fields  during  the  process  of  emulating  an  instruction. 
A description  of  each  of  these  registers  and  its  functions 
follows  (8*241. 


I 
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.AMPCR 


From  Memory 
Control  Unit  (MCU) 

L Inputs  ■■■■■ 

CTR/ZEXT/LIT 


Data  Input 
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and 

Peripheral 

Devices 
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UNIT  CLU) 


B SELECT 


ADDER 


BARREL  SWITCH 


.To  Control  Unit  (CU) 
Dynamic  Conditions 
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*To  Memory 
Control  Unit  (MCU) 


Data  Output 
to  Memories 
and 

Peripheral  Devices 


LOGIC  UNIT  (LU)  BLOCK  DIAGRAM 


FIGURE  I V- 1 


3R 


The  32-bit  registers  Al#  A2#  and  A3  are  functionally 
identical*  They  temporarily  store  data  within  the  Inter- 
preter and  serve  as  the  primary  (X)  input  to  the  adder.  Any 
A-Register  can  be  designated  as  a destination  for  the  output 
from  the  Barrel  Switch. 


The  32-bit  B-Register  is  the  primary  external  input 
interface  (from  the  Switch  Interlock).  It  also  serves  as 
the  secondary  (Y)  input  to  the  Adder#  and  can  receive  the 
output  of  the  Adder#  in  addition  to  the  Barrel  Switch  which 
is  the  normal  source  for  the  results  of  arithmetic  calcula- 
tions. The  B-Register  can  be  the  destination  of  any  of  the 
following  during  execution  of  any  one  microinstruction: 

1 

a.  The  Barrel  Switch  output. 

b.  The  Adder  output. 

c.  The  external  data  from  the  Switch 
Interl ock. 

d.  The  Memory  Information  Register  (MIR). 

e.  The  carry  complements  of  four-bit  or 
eight-bit  groups. 

f.  The  Barrel  Switch  output  ORed  with  b# 
c#  or  d above. 


i 

The  output  of  the  B-Register  has  true/complement 
selection  gates  which  are  controlled  in  three  separate  sec- 


tions: the  most  significant  bit  (MSB)#  the  least  significant 
bit  (LSB)#  and  all  the  remaining  internal  bits.  Each  of 
these  parts  is  controlled  independently#  and  may  be  either 
all  one's#  all  zero's#  the  true  contents  or  the  one's  com- 


UO 


The  32-bit  Memory  Information  Register  (MIR)  buffers 
the  information  which  is  to  be  written  to  main  system  S- 
Memory*  or  to  a peripheral  device.  It  is  loaded  from  the 


Barrel  Switch  output  and  its  output  is  directed  either  to 
the  Switch  Interlock  or  the  B-Register. 


The  32-bit  Adder  in  the  LU  is  a modified  version  of 
a straightforward  carry  look-ahead  adder.  Inputs  to  the 

it 

, 1 

Adder  are  from  selection  gates  which  allow  various  combina- 

i.'l 

tions  of  the  A , B*  and  Z inputs.  The  A input  is  from  the 

1,1 

. 

A-Register  output  selection  gates  and  the  8 input  is  from 
the  B-Register  true/complement  selection  gates.  The  Z input 
is  an  external  input  to  the  LU  and  can  be: 


a.  The  output  of  the  counter  in  the  Memory  Con- 
trol Unit  (MCU)  into  the  most  significant 
eight  bits  with  all  other  bits  being  zeros. 

b.  The  output  of  the  literal  register  in  the 
MCU  into  the  least  significant  eight  bits 
with  all  other  bits  being  zeros. 

c.  An  optional  input  into  the  middle  bits  with 
the  most  and  least  significant  bytes  being 
zeros. 

d.  All  zeros. 


i 

I 


. i 

£*"  I 

ft 


There  are  always  two  inputs  to  the  Adder  referred  to 
as  the  X-input  and  Y-input.  An  X-input  may  have  A,  Z#  or 
zero  as  its  source.  A Y-input  may  have  B#  Z#  or  one  as  its 
source.  An  unspecified  X-input  is  always  assumed  to  be 
zero.  Using  various  combinations  of  the  possible  inputs  to 
the  selection  gates*  any  two  of  the  three  (A*  B*  or  Z)  in- 
puts can  be  added  together#  or  can  be  added  together  with  an 


41 


mim 


additional  one  added  to  the  least  significant  bit.  In  addi- 
tion* all  binary  Boolean  operations  can  be  performed  between 
any  two  inputs. 


The  32-bit  Barrel  Switch  is  a matrix  of  gates  that 
shifts  a parallel  input  data  word  from  the  Adder*  any  number 
of  places  to  the  left  or  right*  either  end-off  or  end- 
around.  The  output  of  the  Barrel  Switch  may  be  gated  to  one 
or  more  of  the  following  simultaneously* 


a.  The  A-Registers  (Al*  A2*  A3). 

b.  The  B-Register. 

c.  Memory  Information  Register  (MIR). 

d.  Least  significant  16  bits  of  MCU  registers 
(BR 1 * BR2,  MAR,  AMPCR * CTR). 

e.  Least  significant  5 bits  to  the  Control 
Unit  (CU)  for  the  shift  amount  register 
CSAR). 

Memory  Control  Unit  (MCU) 


One  MCU  is  required  for  an  Interpreter  to  have  ac- 
cess to  64K  of  main  memory  (8*  241.  The  addition  of  a second 
MCU  is  possible*  thus  expanding  on-line  memory  access  to 
1 28K . The  MCU  has  three  major  sections: 


The  microprogram  address  section  contains  a 
microprogram  count  register  (MPCR)»  the 
12-bit  alternate  microprogram  count  regis- 
ter (AMPCR)*  the  incrementer*  the  micropro- 
gram address  controls  register*  and  their 
associated  control  logic.  This  section  is 
used  to  address  the  Microprogram  Memory 
(MPM)  for  the  seauencing  of  m i croi nst ruc- 
tions. The  AMPCR  contents  may  be  used  as  a 
Y-inout  to  the  Adder. 


b.  The  memory/dev i ce  address  section  contains 
the  8-bit  memory  address  register  (MAR)# 
the  two  16-bit  base  registers  BR1  and  BR2# 
the  output  selection  gates#  and  their  asso- 
ciated control  logic* 

c.  The  Z register  section  contains  registers 
which  are  the  Z inputs  to  the  LU  Adder:  a 
loadable  counter  (CTR)#  the  literal  regis- 
ter (LIT)#  selection  gates  for  the  loadable 
counter  and  their  associated  control  logic* 


3.  Control  Unit  (CU) 


The  Control  Unit  (CU)  has  five  major  sections:  the 
shift  amount  register  (SAR)#  the  condition  register  (CONO)# 
part  of  the  control  register  (CR)#  the  MPM  content  decoder 
and  the  clock  control  (8#  24). 


The  functions  of  the  SAR  and  its  associated  logic 

are: 


a.  To  load  shift  amounts  into  the  SAR  for  use 
in  (0  to  32-bit)  shifting  operations. 

b.  To  generate  the  required  controls  for  the 
Barrel  Switch  to  perform  the  shift  opera- 
tion indicated  by  the  current  mi c roi nst ruc- 
t ion. 

c.  To  generate  the  "word  length  complement"  of 
the  SAR  contents#  where  the  "complement"  is 
defined  as  the  amount  that  will  restore  the 
bits  of  a word  to  their  original  posi t ion 
after  an  end-around  shift  of  N followed  by 
an  end-around  shift  by  the  "complement"  of 
N. 


The  control  register  (CR)  is  a 56-bit  register  that 
stores  all  those  control  signals  from  the  current  microin- 
struction which  are  not  used  in  phase  I.  The  CR  is  divided 


r;i 
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into  the  phase  III  controls  and  the  MPAD  controls. 


The  condition  register  (CONO)  section  of  the  CU  per- 
forms four  major  functions: 


a.  Stores  12  resettable  condition  bits  in  the 
condition  register.  The  12  bits  of  the 
condition  register  are  used  as  interrupts* 
error  indicators*  status  indicators*  and 
lockout  indicators. 

b.  Selects  1 of  16  condition  bits*  12  from  the 
condition  register  and  4 dynamically  gen- 
erated during  the  present  clock  time  in  the 
Logic  Unit  for  use  in  performing  condition- 
al operations. 

c.  Decodes  bits  from  memory  for  resetting* 
setting  or  requesting  the  setting  of  cer- 
tain bits  in  the  condition  register. 

d.  Resolves  priority  among  Interpreters  in  the 
setting  of  global  condition  (GC)  bits  which 
provide  a facility  for  inter-interpreter 
lockout  control. 


4.  Microprogram  (M-Memory) 

The  Micromemory  (M-Memory)*  also  known  as  the 
Nanomemory  (N-Memory)  in  the  Naval  Postgraduate  School  con- 
figuration* is  a programmable  control  store  memory  which 
contains  the  user  supplied  microprograms  in  the  form  of  mi- 
croinstructions. Each  microinstruction  consists  of  a 56-bit 
nanoinstruction  and  orovides  the  gating  'for  functioning  of 
the  previously  discussed  LU*  MCU*  and  CU  modules.  Mi- 
cromemory consists  of  two  4K*  56-bit*  modules  allowing  the 
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programmer  access  to  approximately  8K  of  control  store.  The 
sequencing  of  microprogram  instructions  is  controlled  by  the 
following  procedure:  the  Nanomemory  provides  information  to 
the  condition  testing  logic  indicating  which  condition  is  to 
be  tested.  The  condition  testing  logic  provides  a 
TRUt/FALSE  signal  to  the  successor  logic  which  selects 
between  the  three  TRUE  and  three  FALSE  successor  bits. 
These  three  successor  bits  provide  eight  possible  successor 


combinations  whi 

ch  are  listed  below  with  their 

nterpretat ions: 

d • 

WAIT 

Repeat  the  current  instruction 

b. 

STEP 

Step  to  the  next  Instruction 

c . 

SKIP 

Skip  the  next  instruction 

d. 

JUMP 

Jump  to  address  in  AMPCR 

e. 

retn 

Return  from  a micro  subroutine 

f . 

CALL 

Call  a micro  subroutine 

g. 

SAVE 

Save  the  address  of  the  head  of 
a loop. 

h. 

EXEC 

Execute  one  instruction  out  of 
sequence. 

The  particular  successor  command  specified  then  pro- 
vides the  controls  needed  in  the  selection  (MPCR/AMPCR)  and 
incrementing  logic  to  generate  the  next  MPM  address.  Except 
for  the  EXEC  command  the  MPCR  is  loaded  with  the  MPM  ad- 
dress. 


r For  a more  thorough  description  and  discussion  of 
these  five  modules*  reference  10  provides  an  outstanding 


as 


the  Interpreter ' s 


i nternal 


r 


i- 


■ ; 


diagrammatic  breakdown  of 
hardware  configuration  and  operation.  Reference  7 discusses 
the  interface  of  various  Interpreter*  peripheral*  and  memory 
configurations  that  have  been  tested  by  the  Advance 
Development  Organization  of  Burrough's  Defense  Space  and 
Special  Systems  Group. 

In  general*  there  are  three  data  processing  func- 
tions to  which  the  Interpreter  may  be  applied:  emulation  of 
existing  or  hypothetical  machines*  direct  execution  of  high 
level  languages*  ana  problem  solution  through  microprogram 
"tuning"  of  the  machine  to  the  problem.  The  initial  goal 
for  the  installation  at  the  Naval  Postgraduate  School  is 
emulation  of  existing  machines  such  as  the  AN/UYK-7*  with 
further  expansion  and  development  as  a teaching  tool  in  the 
areas  of  operating  systems*  file  management*  compiler  writ- 
ing* and  emulation  of  hypothetical  systems. 


B.  NAVAL  POSTGRADUATE  SCHOOL  CONFIGURATION 


1.  Description 


The  system  presently  installed  at  the  Naval  Postgra- 
duate School  consists  of  three  Interpreters#  one  64K  memory 
module#  a card  reader#  line  printer  and  dual  cartridge  disk. 
Only  one  of  the  three  Interpreters  is  allowed  to  communicate 
directly  with  any  peripheral  and  is  discussed  below  under 
I/O  Interface.  Figure  IV-2  represents  the  present  confi- 
guration# however#  future  expansion  calls  for  the  addition 
of  a supervisor's  console  and  a cross'connect ion  with  the 


pherals  by  three  tape  drives  and  greatly  increase  the  amount 


CMS-2  Compiler  may  be  feasible. 


When  the  system  is  energized  and  initialized  daily# 
its  basic  mi crost ructure  is  that  of  two  B-6700  LIFO  ALGOL 
Stack  Machines  - each  with  32K  of  memory  - attached  to  a 
single  Inout/Output  Processor.  The  system  is  caoable  of 
pseudo-mul t i processi ng  in  this  configuration.  ALGOL  pro- 
grams submitted  through  the  card  reader  are  executed  in  a 
batch  mode  with  the  two  professors  competing  to  fetch  the 
next  job.  All  utiltiy  programs#  the  operating  system  and 
the  file  manager  are  executed  with  the  machine  in  this  con- 
figuration. In  order  to  change  the  machine's  configuration# 
the  user  must  alter  the  microcode  in  order  to  execute  the 
desired  machine  such  as#  the  AN/UYK-7. 
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I/O  Interface 


Since  only  one  Interpreter  (IOP)  is  allowed  to  ex- 
change data  directly  with  the  peripherals#  it  is  necessary 
for  the  remaining  two  processors  to  communicate  their  I/O 
requests  to  the  IOP.  This  is  done  by  the  Interpreter  plac- 
ing a message  in  address  64K  otherwise  known  as  the  "Mail- 
box”# and  then  issuing  an  interrupt  (INT)  to  the  IOP.  The 
IOP  periodically  tests  for  INT  and  when  sensed#  reads  the 
Mailbox#  decodes  the  message#  and  performs  the  predefined 
function.  After  completing  its  task#  the  IOP  places  a mes- 
sage in  the  Mailbox  informing  the  requesting  Interpreter 
whether  or  not  the  I/O  was  oerformed  successfully.  The  IOP 
then  issues  an  INT  to  the  Interpreter  which  sent  the  re- 
quest. When  the  requesting  Interpreter  receives  the  INT#  it 
reads  the  Mailbox  to  determine  whether  its  reauest  was  per- 
formed and  continues  accordingly.  This  method  allows  the 
two  Interpreters  to  act  completely  independently#  each  re- 
ferencing only  its  assigned  segment  of  memory  and  the  IOP 
performing  all  I/O  asynchronously  upon  request. 

3.  Memory  Interface 

The  memory  module  consists  of  a single  ported#  64K# 
32-bit  word#  core  memory#  which  is  the  equivalent  of  256K  of 
on-line#  0-bit  character  storage.  Access  to  this  single 
memory  is  through  a Switch  Interlock  Unit  (SwI)  which  makes 
memory  appear  to  be  multiported  to  the  user.  The  SWI  acts 
on  a priority  basis  with  that  Interpreter  having  the  lowest 


number  (the  IOP)  given  the  highest  priority.  Once  an  Inter- 
preter Issues  a memory  read/write  reference.  It  may  continue 
execution  and  need  not  wait  on  a memory  completion  signal. 
However,  the  memory  address  register  (MAR)  on  a Read/Write, 
and  the  Memory  Information  Register  (MIR)  on  a write,  should 
not  be  changed  until  a completion  signal  is  received.  Thus 
a microprogrammer  who  anticipates  his  memory  accesses  and 
intersperses  these  instructions  among  the  other  code,  should 
never  have  a delay  caused  by  memory  referencing. 

C.  INSTRUCTION  TIMING 

The  Interpreter  uses  a one  megahertz  clock  and  initiates 
a new  microinstruction  every  microsecond.  The  Interpreter 
enhanced  with  Emitter  Coupled  Logic  (ECL)  and  a higher  speed 
memory  can  operate  off  an  8 Megahertz  clock.  A correspond- 
i ng  8-fold  improvement  in  execution  times  can  be  expected. 

There  are  two  basic  instruction  types  in  the  Inter- 
preter. Type  I uses  two  phases  (I  and  III)  for  execution; 
although,  its  phase  III  may  be  held  in  abeyance  until  com- 
pletion of  a subseguent  Type  II.  which  always  uses  only 
phase  I to  complete.  Phase  I of  the  following  Type  I in- 
struction always  overlaps  Phase  III  of  the  previous  Type  I. 
Type  1 instructions  involve  condition  testing#  external 
functions  and  Adder/Logic  operations.  Type  II  instructions 
involve  literal  assignments  to  one  of  three  registers  (LIT. 
3AR  and  AMPCR).  Appendix  D of  reference  9 contains  an  ex- 
cellent discussion  of  instruction  timing. 
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D.  LANGUAGES 

The  0-Machine  has  two  resident  programming  languages: 
the  language  of  the  operating  system,  ALGOL?  and  the  mi- 
croprogram assembly  language,  TRANSLANG. 

1.  ALGOL 

The  resident  programming  language  of  the  Burrough's 
D-Machine  is  the  ALGOL  60  Language  enhanced  with  additional 
language  constructs  which  permit  manipulation  of  data  in  the 
form  of  character  strings.  ALGOL  employs  a vocabulary  of 
reserved  words  and  symbols.  The  structure  of  the  language, 
syntax,  reserved  words  and  symbols,  and  additional  features 
of  the  ALGOL  implemented  on  the  0-Machine  are  discussed  in 
reference  10.  The  accepted  character  set  for  ALGOL  varies 
depending  on  the  machine  used  and  the  character  set  or  sets 
available  on  the  machine.  The  Naval  Postgraduate  School 
configuration  requires  that  all  characters  be  converted  from 
EBCDIC  into  the  6-bit  Burrough's  Common  Language  (BCL)  for- 
mat for  recognition  by  ALGOL.  This  conversion  is  performed 
by  the  IOP  when  it  is  used  for  interfacing  communications 
from  external  devices  to  the  other  Interpreters.  When 

information  is  directed  to  an  external  device  the  IOP 
performs  a reverse  conversion,  from  BCL  to  ASCII.  Thus  all 
inputs  tP  the  emulator  from  oeripherals  are  8-bit  characters 
containing  a 6-bit  BCL  code.  The  Interpreter's  file 

management  routines,  operating  system  and  utilities  are 
written  in  ALGOL,  for  execution  on  the  ALGOL  Stack  Machine 
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configuration.  ALGOL  source  modules  may  be  inputted  to  the 
ALGOL  Compiler  from  disk  or  cards.  Object  modules  are 
placed  in  user  libraries  on  disk  for  future  execution  by  the 
stack  machine.  The  operating  system  (MCP)  will  load  specif- 
ic object  modules  for  execution  when  it  recognizes  a "?RUN 
filename"  control  card#  where  filename  is  assumed  to  be  a 
precompiled  ALGOL  program. 

2.  TRANSLANG 

The  microprogrammer  is  aided  in  producing  micropro- 
grams by  a Microt ransl ator/Assembl er  that  translates  symbol- 
ic instructions  written  in  TRANSLANG  into  mi c roi nst rue t i ons . 
Reference  9 describes  the  structure  of  TRANSLANG  by  defining 
its  syntax  and  semantics*  and  presenting  a series  of  exam- 
ples. The  reference  also  includes  descriptions  of  register 
state  changes  resulting  from  executing  mi croi nst ruct i ons . 
Interpreter  controls  and  timing  are  explained.  Coding  tech- 
niques and  conventions  are  discussed  via  sample  programs. 
The  reference  analyzes  external  operations  with  main  memory 
and  peripheral  devices*  and  the  coordination  and  control  of 
multiple  Interpreters  via  the  Switch  Interlock  and  global 
condition  bits. 


The  Microtranslator  is  written  in  ALGOL  for  the  0- 
Machine.  It  is  written  modularly  with  each  function  setup 
as  a procedure  call.  The  language*  TRANSLANG*  used  ALGOL  as 
a model*  however#  almost  the  entire  language  is  composed  of 
reserved  words.  Reserved  words  have  very  specific  meaning 


52 


to  the  translator  and  cause  specific  nanoinstructions  to  be 
developed.  TRANSLANG  is  free  form  and  each  instruction  may 
be  written  in  almost  any  order?  however#  multiple  instruc- 
tions appearing  on  the  same  line  or  card  must  be  separated 
by  a period.  Each  TRANSLANG  instruction  corresponds  to  one 
microinstruction#  which  is  the  set  of  Interpreter  functions 
performed  in  parallel  at  each  machine  clock.  The  constructs 
provided  include  iterative  mechanisms#  I/O#  Boolean#  logical 
and  computational  operations#  control  transfers#  and  assign- 
ment functions.  In  order  to  provide  control  points  for 


transfer  operations#  each  instruction  may  be  labeled  with  a 
symbolic  M-Address.  The  output  module  of  the  Mi crot ransl a- 
tor  is  placed  on  disk  and  when  loaded  into  micromemory# 
alters  the  basic  machine  configuration.  Reference  9 is  used 
as  the  microprogrammer ' s programming  manual#  although# 
there  have  been  several  enhancements  to  the  machine  and 
language  which  are  not  included  in  the  manual.  These  modif- 
ications are  discussed  in  Apoendix  A of  this  thesis. 


r 


53 


V.  PROJECT  DESCRIPTION 


The  AN/UYK-7  achieves  its  speed  and  versatility  par- 
tially through  concurrent  field  utilization  and  partially 
through  the  provision  of  soecial  and  general  purpose  regis- 
ters. Its  emulation  is  complicated  by  the  various  modes  of 
instruction  operation  ( repeat / indirection/  indexing)  and  in 
particular  by  the  use  of  ad  hoc  addressing  techniques.  The 
fact  that  the  AN/UYK-7  performs  many  of  its  operations  in 
parallel  makes  it  difficult  for  an  emulation  which  is  imi- 
tating one  facility  at  a time  to  run  in  AN/UYK-7  real-time. 
For  the  remainder  of  this  discussion  the  acronyms  A(a)/  B(b) 
and  S(s)  refer  to  the  Accumulator/  Index  and  Base  registers/ 
respectively.  The  subscripts  (a/  b/  and  s)  correspond  to 
the  register  specified  in  the  cognizant  field  of  the  in- 
struction/ and  may  assume  values  of  0 to  7.  Capitol  "Y" 
refers  to  the  effective  18-bit/  operand  address;  small  "y" 
refers  to  the  13-bit/  y-field  of  the  instruction.  The  com- 
bination sy-field  is  formed  by  concatenation  of  the  3-bit/ 
s-field  and  13-bit/  y-field  of  the  instruction  and  forms  an 
alternate  operand  address. 

During  the  initial  analysis  of  the  Emulation  it  was  de- 
cided to  separate  the  project  into  the  following  phases: 

First/  the  machine  would  be  designed  to  accommodate  a 
full  emulation  including  multiprogramming  and  all  IOC 
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functions.  This  required  that  all  registers  and  condition 
bits  of  the  actual  AN/UYK-7  hardware  be  mapped  into  the 
model#  even  if  they  would  not  be  used  during  this  partial 
Emul at i on. 

Second#  it  was  decided  to  divide  the  Instruction  Reper- 
toire into  the  following  groups: 


a.  Those  instructions  that  could  be  emulated  im- 
mediately and  tested  completely;  such  as#  all 
Format  I's  and  II's  except  Multiply#  Divide# 
Square  Root  and  Double  Register  Operations. 

b.  Those  instructions  that  could  be  done  prior  to 
completion  but  for  which  there  might  be  insuf- 
ficient time  for  complete  testing#  such  as#  all 
Format  Ill's#  Shifts#  Multiply#  Divide#  and 
Double  Register  Operations. 

c.  Those  special  instructions  and  functional  modes 
that  would  be  incorporated  if  at  all  possible# 
such  as#  indirection  and  repeat. 

d.  Those  features  for  which  there  would  definitely 
be  insufficient  time  for  incorporation?  such 
as#  Interrupts#  IOC  Instructions#  and  Floating 
Point  Operations. 


Third#  a "Loader"  program  which  could  read  AN/UYK-7 
instructions  from  cards#  decode  them  and  place  the  results 
into  memory  for  execution  by  the  Emulator  was  mandatory. 


Fourth#  some  facility  for  monitoring  and  debugging 
each  instruction  as  it  is  executed  by  the  Emulator  would  be 
requi red. 
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Fifth/  some  facility  to  output  the  results  of  each 
AN/UYK-7  program  and  to  input  test  data  was  needed. 

To  accomplish  these  five  tasks/  two  basic  programs 
called  the  "Loader"  and  the  "Emulator"  were  written.  Each 
of  these  programs  occupied  its  own  Interpreter  whenever  the 
system  was  reconfigured  as  an  AN/UYK-7. 

A.  LOADER 

The  Loader  was  written  in  TRANSLANG  and  fulfilled  the 
third/  fourth  and  fifth  requirements/  that  is/  it  served  as 
a combination  loader/  debugger  and  IOC  monitor.  Its  use  is 
described  in  Appendix  A / the  User's  Manual  section  of  this 
thesis.  In  general/  the  loader  portion  of  the  program  acts 
like  a pseudo-assembler.  It  has  macros  for  defining  a con- 
stant or  character  string/  for  saving  space/  for  initializ- 
ing registers  and  switches/  and  for  inputting  instructions. 
The  loader  will  accept  one  instruction  per  card  and  deter- 
mine whether  it  is  a Format  (1/  II/  III/  IV-A/  or  IV-B)  in- 
struction. Based  on  this  determination/  the  Loader  will 
decode  the  specified  fields  from  the  card  and  generate  a 
binary  instruction  which  is  placed  in  the  next  sequential 
location  in  the  user's  memory.  Upon  detecting  an  "N"  card/ 
the  loader  portion  of  the  program  signals  the  Emulator 
which  is  resident  in  the  alternate  Interpreter  - that 
instructions  are  available  for  execution. 


At  this  point  the  loader  function  ceases  and  the  program 
can  be  called  upon  by  the  Emulator  to  act  as  a debugger  or 
as  an  IOC.  As  a debugger#  the  Loader  can  be  used  to  gen* 
erate  a number  of  error  messages  to  the  operator#  or  to  pro- 
vide an  actual  dump  of  control  memory  registers  000  to  035# 
which  includes  all  Task  Registers#  the  PAR  and  the  Active 
Status  Bits.  As  an  IOC#  the  Loader  can  be  called  upon  to 
read  a card#  print  a buffer#  or  read  the  disk. 

It  should  be  emphasized  that  the  Loader  was  written 
strictly  as  a tool  to  assist  in  the  development  and  testing 
of  the  Emulator.  Presumably#  once  a full  emulation  is  writ- 
ten and  tested#  the  IOC  functions  will  be  incorporated  into 
the  Emulator#  while  the  loader  and  debugger  functions  will 
be  either  written  in  AN/UYK-7  Machine  Language#  or  absorbed 
by  the  Emulator.  When  this  is  done#  the  Interpreter  previ- 
ously utilized  by  the  Loader  will  be  free  for  loading  as  a 
second  AN/UYK-7#  and  a true  multiprocessing  environment 
could  be  created.  A copy  of  the  Loader  is  provided  in  Ap- 
pendix C. 

B.  EMULATION  PROGRAM 

The  Emulator  was  written  in  TRANSLANG  microcode#  and  is 
loaded  directly  into  the  Interpreter ' s micromemory  from 
disk.  A copy  of  the  Emulator  is  provided  in  Appendix  B. 
Overall  program  flow  for  the  Emulator  is  presented  in  Figure 
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Besides  the  necessary  Control  Memory  Registe'r  mappings* 
it  was  necessary  to  minimize  memory  references  by  maintain- 
ing certain  frequently  used  information  in  the  O-Machine's 
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internal  registers*  For  this  reason*  the  PAR  is  maintained 
in  the  lower  20  bits  of  the  0-Machine's  A2  register.  The 
upper  12  bits  of  A2  are  used  to  maintain  some  of  the  most 
frequently  referenced  bits  of  the  AN/UYK-7's  Active  Status 
Register  as  listed  in  Table  V-l. 


ASR  Bit 

A2  Bit 

Funct i on 

2 

31 

Equal /Unequal 

l 

30 

Greater  Than/Equal  1 

0 

29 

Limits 

3 

28 

Fixed  PT  Overflow 

8 

27 

Task  use  of  05-a 

9 

26 

Remove  Interrupt  Lockouts 

10 

25 

Int/Task  Accumulators 

1 1 

2a 

Int/Task  Base  Regs. 

N/A 

22-23 

01  = Indirection 

10  ~ Optional  Indirection 

11  = Character  Addressing 

N/A 

21 

Repeat  Mode 

15 

20 

Halfword  Indicator 

N/A 

0-19 

PAR 

ACTIVE  STATUS  REGISTER 

TABLE  V-l 

The  remaining  bits  in  the  ASR  are  not  used  in  this  Emu- 
lation* but  if  needed  could  be  mapped  into  any  unused  loca- 
tion in  memory  below  address  102a. 

The  O-Machine's  A1  register  is  used  to  maintain  a copy 
of  the  instruction  currently  being  executed.  All  other  re- 
gisters are  free  for  computational  use.  The  O-Machine's 
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General  Condition  Bit  One  (GC1)  is  reserved  for  communicat- 
ing with  the  Loader.  General  Condition  Bit  Two  (GC2)  is 
used  to  indicate  that  an  AN/UYK-7  instruction  is  being  exe- 
cuted under  a special  condition;  such  as*  repeat  mode  or  in- 
di rect ion. 

The  Emulator  consists  of  an  Opcode/Sub-oocode  Directory* 
an  instruction  fetch  routine  (IFETCH)*  global  subroutines 
and  opcode  execution  subroutines.  When  the  Emulator  re- 
ceives a signal  from  the  Loader  (GC1)  to  commence  excution* 
it  immediately  passes  control  to  IFETCH*  which  reads  the  PAR 
and  places  the  first  instruction  in  Al.  The  opcode  portion 
of  the  instruction  is  isolated  and  used  as  a pointer  into 
the  Opcode  Directory.  Control  is  then  passed  to  the  opcode 
execution  subroutine  designed  to  handle  that  particular  in- 
struction. The  opcode  subroutines  may  stand  alone  and  per- 
form their  functions  independently*  or  they  may  call  several 
global  subroutines  used  to  consolidate  code  for  multiple  op- 
codes. Upon  completion  of  its  execution*  the  opcode 
subroutine  oasss  control  back  to  IFETCH  which  then  fetches 
the  next  instruction. 


In  the  case  of  halfword  instructions*  control  is  passed 
to  HALFFETCH  which  serves  the  same  purpose  as  IFETCH*  except 
for  16  bit  instructions.  Every  attempt  is  made  within  the 
opcode  subroutines  to  do  in-line  coding  versus  subroutine 
calls.  This  decreases  execution  time  considerably* 
although*  it  greatly  increases  program  size.  During  the  in- 


itial programming  phase  the 


UK  micromemory  due  to  the  dynamic  overlay  routine  (SMX)  be 


ing  positioned  at  4k.  As  a result*  excessive  subroutine 


calls  were  necessary  in  order  to  keep  the  program  size  below 


4K.  This  software  deficiency  has  since  been  corrected  by 


Burrough's  and  a full  SK  micromemory  is  now  available 


These  subroutine  calls  could  now  be  removed  and  the 


subroutines  moved  back  in-line 


Emulation  of  Central  Processor  instructions  in  the 


AN/UYK-7  repertoire  was  fairly  straightforward.  Most  in 


structions.  This  generally  included:  isolating  the  various 


fields*  forming  the  effective  operand  ( Y ) address*  fetching 


the  operands  from  main  memory*  performing  the  instruction 


function*  and  writing  the  result  back  to  main  memory*  com 


monly  referred  to  as  S-Memory.  Because  of  the  parallelism 


tions  were  performed  simultaneously.  Many  AN/UYK-7  instruc 


tions  have  sub-opcodes*  each  of  which  perform  a different 


operation  on  the  same  operands.  In  such  cases*  the  opcode 


tion  and  operand  fetch  functions  prior  to  calling  the  sub 


opcode  subroutine.  Either  the  operand  itself  or  its  address 


was  passed  in  a register  to  the  subroutine*  which  then  per 


formed  its  function  and  wrote  the  results  back  to  S-Memory 


The  difficulties  arose  in  the  AN/UYK-7  Emulation  when 


the  repeat  and  indirection  modes  of  operation  were  imple 


The  Repeat  Instruction  required  that  the  next 
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sequential  instruction  be  executed  the  number  of  times  con- 
tained in  the  Index  Register  B ( 7 ) r or  until  specified  alter- 
nate conditions  were  met.  This  required  that  flags  be  set 
indicating  that  the  repeat  mode  had  been  initiated  and  that 
special  termination  conditions  were  to  be  tested.  Condition 
testing  took  place  after  each  execution  of  the  repeated  in- 
struction and  prior  to  return  to  IFETCH  for  the  next  in- 
struction. If  the  conditions  were  not  satisfied  IFETCH  was 
bypassed  and  the  same  instruction  was  reexecuted  after  first 
decrementing  B(7),  and  then  indexing  the  operand  address  by 
the  displacement  value  contained  in  the  repeat  instruction. 
If  the  conditions  were  met  the  normal  IFETCH  mode  was  exe- 
cuted and  the  repeat  mode  was  terminated.  Most  instructions 
required  checking  the  condition  of  a specified  accumulator 
register  to  signal  completion  of  the  repeat  mode?  however# 
compare  instructions  used  the  results  of  their  comparison  to 
signal  completion.  Repeated  replace  instructions  used  a 
different  Y-ooerand  calculation  for  their  store  phase  then 
for  their  fetch  phase.  Instructions  that  were  not  designat- 
ed as  being  repeatable  were  executed  once  and  the  repeat 
mode  was  terminated.  A copy  of  the  Repeat  Instruction  was 
saved  in  S-Memory  at  address  0030?  a copy  of  the  instruction 
beinq  repeated  was  saved  at  address  0031?  and  the  Y-operand 
address  used  for  storing  during  a repeated  replace  instruc- 
tion was  saved  at  0033.  These  addresses  are  given  in  octal 
and  are  normally  unused  in  the  AN/UYK-7. 
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The  indirect  modes  of  operation  possible  in  the  AN/UYK-7 
were  extremely  difficult  to  emulate.  There  are  four  modes 
of  indirection  possible:  Normal  Indirection,  Character  Ad- 
dressing, Sequential  Character  Addressing,  and  Optional  In- 
direction. Not  all  instructions  are  indireetable  and  some 
instructions  are  indireetable  but  not  character  addressable. 
To  make  this  determination  a table  was  created  in  the  Emula- 
tor which  would  return  a value  based  on  the  instruction  op- 
code. This  value  indicates  whether  an  instruction  is  re- 
peatable, indireetable,  or  character  addressable.  All  modes 
of  indirection  are  initially  signalled  by  the  i-field  of  the 
instruction  being  a one.  This  indicates  that  the  Y-operand 
points  to  an  Indirect  Control  Mord  (ICW).  The  ICM,  which  is 
presented  in  Figure  1 1 1 — 1 , is  then  fetched  and  its  bits  30- 
31  are  examined  to  determine  the  indirection  mode.  In  all 
cases,  if  the  i-field  of  the  ICM  is  set,  the  Y-operand  again 
points  to  a new  ICM.  The  Y-operand  is  calculated  in  accor- 
dance with  the  indirect  mode.  Operand  fetching  will  contin- 
ue in  this  manner,  cascading  through  memory,  until  an  ICW  is 
found  without  its  i-field  set.  At  this  point  the  lower  20 
bits  of  the  ICM  replaces  the  lower  20  bits  of  the  original 
instruction. 

Normal  indirection  is  indicated  by  a binary  10  in  bits 
31-50  of  the  ICM.  Y-operand  address  calculation  is  per- 
formed as  Y=y*B(b)*S(s) . Once  the  final  ICM  is  determined 
then  normal  execution  of  the  instruction  resumes. 


. 

1 

Single  Character  Addressing  is  indicated  by  a binary  01 
in  bits  31-30  of  the  ICW.  Y-operand  address  calculation  is 
performed  as  Y=y+B (b) *S (s ) f however*  in  this  mode  two  addi- 
tional fields  (P,W)  of  the  ICW  are  meaningful.  The  P-field 
indicates  the  least  significant  bit  position  of  the  charac- 
ter to  be  fetched  from  the  operand  and  the  W-field  indicates 
the  number  of  bits  in  the  character.  When  the  character  is 
fetched  - it  is  right  justified;  operated  on  in  accordance 
with  the  instruction?  and  then  (depending  on  the  instruc- 
tion) ORed  back  into  its  original  position  in  the  Y-operand. 

Sequential  Character  Addressing  indicated  by  a binary  11 
in  bits  31-30  of  the  ICW*  operates  in  exactly  the  same 
manner  as  Single  Character  Addressing  except  in  the  case 
where  the  store  cycle  is  required.  Before  ORing  the  result- 
ing character  back  into  the  Y-operand  the  P and  w-fields  are 
compared.  If  P minus  W is  positive  then  the  dif f erence  re- 
places P and  the  character  is  stored  accordingly.  If  the 
difference  is  negative  then  32  minus  W replaces  P and  the 
"sy"  field  of  the  ICW  is  incremented  by  1 and  replaced  in 
memory  for  the  next  execution. 

Optional  Indirection  is  indicated  by  a binary  00  in  bits 
31-30  of  the  ICW.  In  this  mode  bit  29  of  the  ICW  is  also 
significant  and  modifies  the  Y-operand  address  calculation. 

If  bit  29  is  0 then  Y=sy*S(b).  If  bit  29  is  1 then 
Y=sytB(b)t(S) * where  S is  designated  by  bits  17-19  of  B(b). 

Once  the  first  operand  is  fetched  then  normal  instruction 
execution  occurs. 
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implementation  of  I/O  in  this  manner  would  remain  virtually 
transparent  to  the  user*  and  would  facilitate  full  emulation 
of  IOC  functions  at  a later  date. 

Of  the  132  instructions  in  the  AN/UYK-7  Repertoire#  111 
have  been  fully  implemented  and  tested.  One  instruction 
(Return  Jump)  has  been  implemented  but  not  tested.  Twenty 
instructions  remain  to  be  both  written  and  tested.  All 
unwritten  instructions  were  assigned  space  in  the  Opcode 
Directory  and#  if  used  by  the  programmer#  will  cause  an  er- 
ror message  to  be  printed  to  the  effect  that  the  instruction 
has  not  been  yet  implemented.  The  implementation  of  these 
instructions  involves  developing  the  required  microcode  and 
inserting  it  into  the  space  already  allocated  in  the  Opcode 
Subroutine  Library.  The  uni mpl emented  instructions  include 
all  Floating  Point  Operators#  Scale  Factor#  and  Interrupt 
Handl ers. 

The  Repeat  Instruction  and  its  associated  mode  of  opera- 
tion have  been  implemented  and  tested  with  the  exception  of 
the  repeat  replace  instructions#  which  have  been  written  but 
not  yet  tested.  Indirect  addressing  has  been  fully  imple- 
mented but  has  not  been  tested.  Input/Output  functions  of 
the  IOC  have  been  implemented  and  tested  allowing  the  user 
to  read  e card#  print  a buffer#  or  read  a disk  sector.  The 
disk  write  function  has  been  designed  into  the  Emulator  but 
not  implemented  for  fear  of  destroying  resident  disk  materi- 
al during  execution.  This  function  should  not  be  fully  em- 
ployed until  either  a monitor  system  is  developed  which 
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would  oreclude  write  access  to  assigned  disk  sectors#  or  the 
assumption  is  made  that  the  entire  disk  is  available  to  the 
user  as  a scratch  pad* 

C.  REGISTER  MAPPING 
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Because  the  D-Machine  has  few  registers  available  to  the 
user#  the  authors  chose  to  map  all  of  the  AN/UYK-7  registers 
into  main  memory.  In  addition#  it  was  necessary  to  create 
several  special  locations  to  hold  temporary  results  or  con- 
ditions. In  order  to  facilitate  this  mapping#  all  memory 
locations  below  102a  decimal  are  reserved#  thus#  all  user 
instructions  and  memory  references  were  offset  by  this 
amount  by  the  Loader.  Since  this  Emulation  will  be  in  a 
monoprogramming  environment#  all  Base  Registers  were  ini- 
tialized in  increments  of  8K  with  the  first  Base  Register 
set  to  102a.  This  allowed  user  access  to  approximately  63K 
of  main  memory#  with  each  Base  Register  referencing  an  8K 
page  of  memory.  The  Control  Memory  Register  (CMR)  alloca- 
tions and  additional  temporary  mappings  (indicated  by  an  *)# 
are  presented  as  part  of  Figure  V-2.  The  registers  marked 
are  not  used  in  the  AN/UYK-7#  and  were  thus  assigned 
special  purposes  in  the  Emulator.  Additional  unused  regis- 
ter areas  are  available  and  labelled  "unused”  in  Figure  V-2. 
These  register  areas  could  be  employed  for  the  same  purposes 
if  needed  in  the  course  of  expansion  to  a full  emulation. 
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OCTAL 

AODRESS 

DECIMAL 

ADORESS 

DESCRIPTION 

1 

o 

0-7 

Task  A-Reg.  (0-7) 

10 

8 

Unused 

11-17 

9-15 

Task  Index  B-Reg.  (1-7) 

20-27 

16-23 

Task  Base  S-Reg.  (0-7) 

*30 

24 

Repeat  Instruction  Temp. 

*31 

25 

Current  Instruction 
being  Repeated 

*32 

26 

Current  Indirect 

Control  Word  (ICW) 

*33 

27 

Y-operand  for  Indirection 

*34 

28 

ICW  Address  in  Memory 

*35 

29 

Program  Address  Register 

36-57 

30-47 

Unused 

60-67 

48-55 

Interrupt  Breakpoint 
Registers  (0-7) 

70-77 

56-63 

Active  Status  Words  (0-7) 

100-107 

64-71 

Int.  A-Registers  (0-7) 

110 

72 

CP  Mon i tor  Clock 

111-117 

73-79 

Int.  Index  B-Reg.  (1-7) 

120-127 

80-87 

Int.  Base  S-Registers  (0-7) 

*130 

88 

Switch  Values  Temporary 

131-137 

89-95 

Unused 

140-157 

96-103 

Designator  Storage  Words  (DSW) 

160-167 

104-111 

Storage  Protection 
Registers  (SPR) 

170-177 

112-119 

Segment  Identification 
Registers  (SIR) 

*200 

120 

Location  Counter 

*201 

121 

Real  Time  Clock 

*202-246 

122-166 

Disk  Input  Buffer 

*247-323 

167-211 

Disk  Output  Buffer 

*324-357 

212-231 

Card  Input  Buffer 

360-365 

232-237 

Unused 

*366-426 

238-270 

Printer  I/O  Buffer 

427-437 

271-279 

Unused 

*440-1777 

280-1023 

Error’  Rout  i nes 

2000-77775 

1024-65533 

User  Program  Area 

*77775-77776 

65534-65535 

Mai  1 box 

•-Temporary  Location  Established  By  Programmers  Convention 
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0.  TIMING 

Although  no  formal  timing  survey  was  conducted/  an 
analysis  of  the  Emulation  itself  provided  an  indicator  which 
was  used  in  developing  a comparison  to  real-time.  For  this 
analysis  it  was  assumed  that  each  instruction  was  executed 
using  direct  addressing  and  not  in  repeat  mode*  The  IFETCH 
routine  used  16  microseconds  which  was  an  automatic  overhead 
acguired  by  all  instructions.  The  operand  fetch  and  store 
routines  (YFETCH/  YSTORE  and  Y2FETCH)  added  an  additional 
33/  30/  or  14  microseconds/  respectively.  Thus  any  in- 
struction which  referenced  a Y-ooerand  incurred  an  addition- 
al overhead  of  14  microseconds  at  a minimum.  Adding  to  this 
overhead/  the  execution  time  of  the  basic  opcode  itself 
yielded  the  time  estimated  for  typical  instructions  given  in 
Table  V-2. 


INSTRUCTION 

time 

OPERANDS 

EMULATION 

TIME 

AN/UYK-7 

TIME 

Load 

Regi ster / Y 

60 

1.5 

Add 

Regi ster / Y 

63 

1.5 

Add 

Register 

36 

1.0 

Divide 

Regi ster » Y 

600 

15 

TIME  ESTIMATES 


TABLE  V- 2 
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Using  these  figures  it  was  estimated  that  this  Emulation 
ran  on  the  order  of  40  times  real-time.  Two  steps  could  be 
taken  that  would  considerably  improve  this  time.  First* 
move  all  out-of-line  subroutine  calls  in-line  in  the  opcode 
subroutines.  Second*  enhance  the  Interpreter  as  discussed 
under  Instruction  Timing  in  Chapter  III.  It  has  been  es- 
timated that  this  same  Emulation  could  run  at  approximately 
5 times  real-time  on  an  enhanced  0-Machine.  This  time  com- 
pares favorably  with  a Simulation  of  the  AN/UYK-7  written  in 
PL-360  for  the  IBM  360*  which  runs  on  the  order  of  1000 
times  real-time.  As  discussed  in  Chapter  II*  it  would  be 
difficult  to  approach  real-time  in  emulating  the  AN/UYK-7 
because  of  the  parallelism  of  its  fetch  and  field  isolation 
operations.  The  addition  of  a Field  Select  Unit  (FSU)  and 
additional  internal  temporary  registers  would  be  required 
before  a real-time  emulation  could  be  realized. 
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VI.  SUMMARY 
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The  authors'  conclusions  and  recommendat  i ons  resulting 
♦rom  any  research  project  are  a fundamental  part  of  the  for- 
mal presentation  and  are  therefore  included  in  this  thesis. 
In  addition*  the  authors  felt  that  the  reader*  who  might  be 
contemplating  an  emulation  project*  would  be  interested  in 
the  problem  areas  encountered  during  the  pursuit  of  this 
thesis.  Accordingly  this  chapter  is  divided  into  two  sec- 
tions - Problems  and  Conclusions. 

A.  PROBLfcMS 


During  the  course  of  this  emulation  numerous  software 
and  hardware  problems  were  encountered  which  had  a consider- 
able effect  on  progress  and  the  amount  accomplished  in  the 
allocated  time.  Software  problems  stemmed  principally  from 
poor  documentation  of  the  D-Machine*  the  AN/UYK-7*  their  as- 
sociated languages  and  internal  configuration.  The  software 
problems  with  the  D-Machine  were  generally  resolved  through 
experimentation  on  the  machine  or  through  phone  calls  to 
Burrough's  Advanced  Development  Organization  (ADO).  The 
lack  of  thorough  AN/UYK-7  documentation  proved  to  be  a more 
severe  handicap  since  no  test  base  for  experimentation  was 


accessible  at  the  Naval  Postgraduate  School.  Such  a medium 
is  absolutely  mandatory  when  working  in  the  emulation 
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environment.  The  programmer  must  be  able  to  determine  the 
machine  reaction  to  unorthodox  instruction  configurations. 
Some  degree  of  assistance  was  provided  by  the  Fleet  Combat 
Director  Systems  Support  Activity  (FCDSSAJ#  San  Diego#  how- 
ever# in  some  cases  the  result  was  a "best  guess"  as  to  what 
the  AN/UYK-7  response  would  be. 


Hardware  problems  are  to  be  expected  during  the  course 
of  any  major  project  and  particularly  when  a new  machine  is 
involved.  This  Emulation  was  the  first  Droject  to  be  under- 
taken on  the  Naval  Postgraduate  School's  D-Machine  since  the 
machine  was  installed.  The  estimated  mean-t i me-bet ween- 
failures  (MTBF)  experienced  by  the  authors  was  less  than 
five  hours.  Problems  ranged  from  loose  circuit  boards  and 
dirty  contacts#  to  disk  read/write  head  misalignment.  Un- 
fortunately# the  time  to  reoair  was  aggravated  by  the  fact 
that  the  school  has  no  technicians  trained  on  the  D-Machine» 
and  the  authors  were  inexperienced  in  its  maintenance  and 
operating  procedures.  without  the  assistance  provided  by 
Burrough's  ADO  the  project  could  not  have  been  seen  through 
to  fruition.  The  ADO  provided  the  school  with  engineering 
assistance  on  three  separate  occasions#  the  last  of  which 
uncovered  a major  design  problem.  The  machine  has  since 
been  modified  and  the  system  is  presently  very  reliable. 
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In  addition  to  these  two  major  problem  areas  progress 
was  inhibited  by  the  following: 


1.  Lack  of  Software  Utilities  - Since  the  D- 
Machine  was  a new  installation  the  school 
has  not  had  the  opportunity  to  generate  the 
numerous  desirable  software  utilties.  In  an 
effort  to  eliminate  the  inherent  slowness  of 
a "Card  Only"  system*  the  authors  have  un- 
dertaken the  implementation  of  the 
supervisor's  console  as  an  adjoint  to  this 
thesis.  The  authors  are  also  implementing  a 
Text  Editor  which  will  allow  for  on-line 
program  modification*  and  will  replace  the 
present  card  input  Line  Editor. 

2.  Mi c roorogrammi ng  is  not  a new  concept  at  the 
Naval  Postgraduate  School*  however*  actual 
experience  was  lackinq.  The  Computer  Sci- 
ence Department  has  played  a major  role  in 
implementation  of  the  D-Machine  and  the  re- 
quired expertise  is  rapidly  Deing  developed. 

3.  The  learning  curve  for  undertaking  an  emula- 
tion is  tremendous.  The  target  machine*  the 
host  machine*  their  respective  programming 
languages  and  internal  configurations  must 
be  learned  and  understood  in  minute  detail. 

The  target  machine  for  this  Emulation*  the 
AN/UYK-7*  is  an  extremely  sophisticated  and 
difficult  to  understand  computer.  The  cen- 
tral processor  instruction  set  is  fairly 
straightforward  and  easy  to  implement*  how- 
ever* the  numerous  and  differing  modes  of 
operation  severely  complicated  the  Emula- 
tion. 


8.  CONCLUSIONS 


The  authors  feel  that  they  have  successfully  achieved 
their  goal  of  demonstrating  the  feasibility  of  emulating  the 
AN/UYK-7  on  the  Burrough's  D-Machine.  The  design  presented 
in  this  thesis  is  a workable  design  as  evidenced  by  execu- 
tion of  AN/UYK-7  programs  successfully  and  by  execution  in 
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less  than  40  times  the  actual  execution  time  of  the  AN/UYK- 
7.  Better  than  90%  of  the  AN/UYK-7  Instruction  Repertoire 
has  been  implemented  and  tested#  thus  providing  a sound 
foundation  for  a full  emulation.  The  design  allows  for  ex- 
pansion to  a full  emulation  which  would  include  the  IOC  in- 
struction repertoire  and  Floating  Point  without  major  modif- 
ication. Further#  the  authors  have  concluded  that  by  modif- 
ication of  the  design  to  place  out-of-line  subroutine  calls 
in-line  and  enhancement  of  the  0-Machine#  the  Emulation 
would  execute  within  5 times  the  actual  speed  of  the 
AN/UYK-7. 

During  the  course  of  this  project  the  authors  had  an  op- 
portunity to  visit  the  Naval  Surface  Weapons  Center  (NSWC)# 
Oahlgren#  Virginia.  Emulation  in  qeneral  was  discussed  with 
the  programming  staff#  who  had  just  completed  emulation  of 
the  Trident  Computer  on  the  Nanodeta  Q*-l»  and  who  were  con- 
templating emulating  the  AN/UYK-7  on  the  QM-2.  Based  on 
these  discussions#  the  experience  gained  in  the  course  of 
this  thesis#  and  presupposing  the  present  level  of  knowledge 
of  the  authors#  it  is  estimated  that  a complete  emulation  of 
the  AN/UYK-7#  its  IOC  and  all  Interrupt  functions  would  re- 
quire an  additional  2 man  years  of  proaramming  effort.  This 
estimate  includes  a reasonably  sophisticated  degree  of  test- 
ing# and  assumes  full  accessibility  of  the  0-Machine  and  an 
AN/UYK-7  test  base. 
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VIZ.  RECOMMENDATIONS 


t 


The  authors  feel  that  this  thesis  has  provided  them 
with  a learning  experience  previously  unparalleled  in  either 
of  their  lives,  since  it  has  entailed  detailed  and  indepen- 
dent learning  of  emulation#  microprogramming  CTRANSLANG)# 
the  Burrough's  0-Machine  end  the  AN/UYK-7.  In  addition#  the 
authors  became  part  time  technicians  in  an  effort  to  keep 
the  D-Machine  running.  It  is  felt  that  the  same  educational 
horizons  await  any  student  considering  a similar  project# 
however#  in  an  effort  to  keep  others  from  having  to  "rein- 
vent the  wheel"#  the  authors  have  included  much  of  what  was 
learned  about  these  subjects  in  this  thesis.  Hopefully#  by 
building  on  these  experiences#  others  will  be  able  to  begin 
at  a much  higher  level  and  conseguently  accomplish  more. 
The  following  recommendations  are  submitted  for  considera- 
tion by  anyone  inclined  to  undertake  a thesis  involving  emu- 
lation. 

1.  Do  no  try  to  emulate  a machine  that  uses 
hardware  interrupts  on  an  Interpreter  that 
does  not  have  interrupts. 

2.  Pick  a target  machine  that  is  well  defined 
and  documented.  Computers  are  designed  to 
perform  a specific  set  of  functions#  the 
results  of  unorthodox  use  are  not  always 
known#  but  must  be  considered  by  the  emula- 
tor. The  availability  of  a target  machine 
for  testing  to  determine  such  results  is 
mandatory . 
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$.  Ensure  that  the  host  Interpreter  is  well 
documented  and  has  a reasonable  set  of  svs- 
tern  utilities;  such  as#  an  editor/  de- 
bugger/ simulator/  file  manager/  operating 
system  and  compiler. 

4.  Ensure  the  host  Interpreter  will  receive 
hardware  support  if  problems  arise. 

5.  Ensure  publications  are  available  covering 

utilites/  hardware/  languages  and 

target/host  machine  capabilities  and  opera- 
tion. 

6.  Be  prepared  to  work  independently  and  have 
your  questions  answered  through  your  own 
exper i ment  at i on . 


In  addition  to  these  recommedat i ons / the  authors  would 
like  to  propose  several  thesis  topics  applicable  to  t » 0- 
Mach i ne . 


1.  Several  projects  could  be  undertaken  as  a 

direct  follow  on  to  this  thesis: 

a.  An  Operating  System/  File  Manager/ 
and  Assembler  could  be  written  in 
AN/UYK-7  machine  language  utilizing 
the  existing  Emulator. 

b.  The  present  Emulation  could  be 
enhanced  to  include  Floating  Point 
and  any  uni mpl ement ed  instructions/ 
including  i ncorporat i on  of  the  IOC 
functions  and  allowing  for  synchro- 
nous I/O. 

c.  A timing  survey  could  be  conducted 
comparing  the  existing  Emulation  with 
AN/UYK-7  benchmarks. 


2.  Several  thesis  projects  are  possible  which 
entail  enhancing  the  capabilities  of  the 
existing  0-Machine  Installation.  These  in- 
clude writing  the  interface  to  me  PDP- 
11/45/  and  a resident  Text  Editor. 
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The  stand  alone  environment  of  the  D-Machine  lends  it- 
self to  experimentation  with  the  design  of  operating  systems 
and  file  managers. 

In  summary*  the  authors  would  like  to  state  that  they 
found  the  D-Machine  an  outstanding  learning  device  in  spite 
of  its  many  hardware  problems.  The  authors  found  the  abili- 
ty to  emulate  existing  computers  exciting#  and  found  the 
realization  that  they  could  build  a working  model  of  any 
computer  they  could  design#  exhilarating. 


APPENDIX  A.  USER’S  MANUAL 


A.  D-MAChINE 

4 

When  the  D-Machine  was  installed  at  the  Naval  Postgra- 
duate School#  it  was  not  accompanied  by  any  form  of  documen- 
tation for  its  operation#  preventive  maintenance#  diagnos- 

I 

tics  or  utility  programs.  For  the  most  part  this  informa- 
tion has  been  derived  through  experimentation  and  freauent 
calls  to  Burrouqh's  ADO.  Some  of  th<»  more  pertinent  infor- 
mation is  included  in  this  User's  Manual  to  enable  the  user 
to  load  and  run  a program  such  as  the  AN/UYK-7  Emulation. 

Unless  specified  otherwise  all  addresses  given  in  this  dis- 
cussion are  in  hexadecimal. 

1.  System  Initializing 

The  machine  is  secured  every  night  and  must  there- 
fore# be  rei ni t i al i zed  when  powered  up  each  morning. 


a.  Ensure  circuit  breakers  2#  7 and  10  are  on. 

b.  Push  the  "ON"  button  on  the  disc  and  all 
three  Interpreters. 

c.  With  desired  discs  in  the  drives#  push  the 
two  "RUN"  buttons  on  the  disk  unit. 

d.  Turn  on  the  card  reader  and  printer. 

e.  Place  the  I0P  in  normal  vice  single  step 
mode  via  the  switch  inside  the  cabinet  on 
the  right. 
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f.  Push  the  "LOAD"  button  on  the  10 P?  then 
push  "CLEAR". 

g.  Place  the  cords  marked  IOP-Loader  into  the 
card  reader.  Cards  should  be  read  and  the 
IOP  should  stop  at  an  MPAD  of  OOFA.  If 
not#  repeat  steps  e through  g. 

h.  Push  the  "LOAD"  button  on  IOP  to  return  the 
IOP  to  normal • 

i.  Perform  steps  e to  h for  each  of  the  other 
two  Interpreters  using  the  cards  marked 
STK-lo ader.  They  should  halt  at  a MPAD  of 
004A. 

k.  Push  "CLEAR"  on  each  Intrepreter.  They 
should  bootstrap  themselves  through  the  IOP 
and  halt  at  either  0542  or  05tA.  (An  In- 
terpreter must  be  at  0542  to  run  a program 
and  only  one  Interpreter  can  be  at  0542  at 
a time.)  Clear  the  IOP  to  force  an  Inter- 
preter to  switch  from  051A  to  0542. 


The  0-Machine  now  thinks  it  is  a Burrough's  B6700 
single-stack  machine.  Any  utility  can  be  run  using  the 
proper  control  cards  as  documented  in  the  computer  lab.  The 
more  common  utilities  are  Sunrise  (updates  the  day#  date  and 
time#  should  be  run  first  thing  every  morning)#  Dir-List 
(prints  out  the  directory?  system  or  user)#  Compile  (com- 
piles ALGOL  programs)  and  TRANSLANG  (assembles  micropro- 
grams). 8y  use  of  the  orooer  control  cards#  the  user  can 
also  obtain  a source  listing  of  his  program  as  it  is  being 
compiled  or  assembled.  Actually  the  default  is  a printout 
every  time  and  the  user  must  insert  a "S-list  clist"  control 


card  to  eliminate  the  listing 


I 


M 


1 


f 


fof 


1 


******* 
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To  make  the  computer  act  as  some  machine  other  than 
the  B6700.  use  the  control  card  "7SML0AD  filename".  The  "?" 
must  be  in  column  one  and  the  rest  of  the  card  is  free- 
format.  This  loads  the  microprogram  "filename"  (which  must 
be  an  assembled  TRANSLANG  program)  into  micro-memory  over- 
laying the  stack  machine  and  then  transfers  control  to  that 
program  starting  at  address  0000.  Thus  to  load  the  AN/UYK- 
7 . execute  "7SML0AD  UYK7-L0ADER"  on  one  Interpreter  and 
"7SML0AD  ANUYK 7 -EMULATOR"  on  the  other.  Refer  to  the  ap- 
propriate sections  of  this  chapter  for  further  instructions 
on  the  execution  of  these  programs. 

2.  Diagnostics 

The  Programs  used  for  d’ agnt-^c i ng  hardware  problems 
are  written  in  TRANSLANf-  and  maintained  as  object  modules  on 
cards.  The  approortate  program  is  loaded  in  the  same 
fashion  as  the  bootstrap  loader  and  terminates  at  a signifi- 
cant address.  When  "cleared",  it  should  again  terminate  at 
an  address  which  indicates  success  or  failure.  The  operator 
must  determine  which  from  the  program  listing.  as  no  mes- 
sages are  printed.  There  are  no  diagnostics  written  for  the 
disk#  printer  or  card  reader.  At  the  present  time  a CRT 
terminal  is  hooked  uo  to  the  IOP.  however,  there  is  no 
software  support  for  it.  An  interface  is  being  written  into 
the  operating  system  and  eventually  all  commands  to  and  from 
the  operator  will  be  via  the  CRT.  The  card  reader  and  line 
printer  will  then  be  strictly  data  I/O  ports. 
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3.  Debugging 


While  executing  any  TRANSLANG  program,  the  user  can 
monitor  the  program  by  use  of  the  nixie  light  display  panel 
and  the  function  switch  assigned  to  each  processor.  The 
lights  indicate  hex  numbers.  By  selecting  the  appropriate 
function  the  user  can  observe  the  current  nanoinstruction 
being  executed;  the  address  of  the  current  microinstruction 
(MPAD) ; the  memory  address  last  written  to  or  read  from 
(BMAR) J and  the  MIR  register  (MIR  and  EXT).  The  MIR  func- 
tion displays  the  lower  16  bits  of  the  MIR  register  while 
the  EXT  function  displays  the  upper  16  bits.  These  func- 
tions are  presently  the  only  means  of  debugging.  For  exam- 
ple, if  the  user  were  unsure  of  the  information  being  read 
from  S-memory,  he  could  insert  two  additional  instructions 
in  the  code:  an  instruction  to  place  the  data  into  the  MIR 
register  and  a "WAIT"  instruction.  The  CPU  halts  at  the 
"WAIT"  instruction  and  the  user  can  then  examine  the  infor- 
mation in  MIR  to  ascertain  its  validity.  The  user  may 
check  the  MPAD  to  determine  if  the  address  read  was  actually 
the  address  intended.  To  continue  the  program  the  user  must 
press  the  force-step  button  inside  the  side  panel.  If  the 
user  wished  to  step  through  a series  of  instructions  follow- 
ing the  "WAIT",  he  could  go  to  single-step,  and  while  hold- 
ing the  force-step  button,  press  the  single-step  button  to 
override  the  "WAIT".  After  passing  the  "WAIT",  single-step 
to  execute  one  instruction  at  a time.  In  this  manner  the 
user  can  debug  several  instructions  one  at  a time. 


B.  AN/UYK-7 


This  section  of  the  User’s  Manual  discusses  how  the  user 
can  reconfigure  the  0-Machine  into  an  AN/UYK-7. 


First/  ensure  that  the  disk  packs  which  are  mounted 
are  the  AN/UYK-7  System  Packs  and  that  both  in- 
terpreters are  loaded  with  an  ALGOL  Stack 
Mach i ne . 

Second/  insert  an  "7SML0A0  UYK7-L0ADER"  card  in  the 
card  reader.  This  will  cause  the  Loader's  mi- 
crocode to  overlay  the  stack  machine's  micro- 
code and  stop  at  address  "0000". 

Third/  insert  an  "7SML0AD  UYK7-EMULAT0R"  card  in 
the  reader.  This  will  cause  the  Emulator's  mi- 
crocode to  overlay  the  alternate  stack  machine 
and  stop  at  address  "00A0".  The  AN/UYK-7  is 
now  ready  to  accept  and  execute  programs. 

Fourth/  place  the  AN/UYK-7  source  programs  in  the 
reader  and  force  step  the  Loader  and  the  Emula- 
tor/ respectively.  The  Loader  will  read  one 
card  at  a time/  decode  it  and  place  the  32-bit 
resulting  instruction  in  memory  for  subsequent 
execution  by  the  Emulator. 


The  last  instruction  of  all  user  programs  should  be  a 
"HALT"/  which  will  cause  the  Emulator  to  halt  and  the  Loader 
to  be  reinitialized  for  the  next  job.  Force  stepping  the 
Emulator  after  the  halt  will  cause  the  next  job  to  be  read 
and  executed.  Use  of  this  convention  permits  batch  process- 
ing of  programs  by  the  AN/UYK-7.  The  program  deck  organiza- 
tion is  discussed  in  the  next  section.  Individual  programs 
are  separated  by  "N”  cards. 
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1.  Loader 


a.  Macros 

This  section  describes  how  a program  must  be 
keypunched  for  input  to  the  Loader.  All  Macro  control  char- 
acters and  formats  are  listed  in  Figure  A-l.  Any  character 
typed  in  column  one*  which  is  not  listed*  will  cause  an 
"Illegal  Instruction"  message  and  the  card  will  be  ignored. 
It  is  noteworthy  that  all  functions  are  optional  with  the 
exception  of  the  "N"»  which  must  terminate  the  program  deck. 
All  addresses  are  in  octal  and  considered  absolute  as  far  as 
the  user  is  concerned;  however,  they  are  offset  by  102a  by 
the  Loader.  Macros  and  instructions  may  be  interspersed  as 


desi red 


"L"  Octal  Address  Causes  Base  S-Registers  to  be  set 

at  8K  pages  starting  at  102a,  and 
the  program  to  be  loaded  at  Address, 


"0"  Octal  Address  Causes  change  in  the  program  counter  in 

order  that  subsequent  instructions  may 
be  loaded  at  Address, 


*N"  Octal  Address  Terminates  loading  of  program  and 

initializes  PAR  to  Address  for 
the  Emulator, 


LOADER  MACRO  DEFINITIONS 


FIGURE  A-l 
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b.  Instruction  Preparation 

- For  inputting  instructions  to  the  Loader  three 
basic  formats  are  used  which  correspond  roughly  to  the  five 
formats  used  by  the  AN/UYK-7.  The  Loader  formats  are 
presented  in  Figure  A-2  under  their  respective  AN/UYK-7  For- 
mat Headings.  A))  fields  require  a right  justified  octal 
represent  at i on . The  " i " field  should  always  be  either  a one 
or  a zero  since  it  represents  a single  bit.  The  combined 
"F3,K"  field  of  Format  III  instructions  requires  that  K al- 
ways be  zero;  therefore,  valid  inputs  are  (0.2# 4, 6)  which 
correspond  to  an  F3  of  (0,1. 2. 3).  Columns  1-3  must  always 
be  left  blank.  Columns  15-80  may  be  used  for  programmer's 
comments.  Each  instruction  is  decoded  into  one  32-bit  word 
and  assigned  to  the  next  sequential  address  in  memory.  How- 
ever, if  the  instruction  is  a half-word  instruction  then  it 
will  be  stored  in  the  lower  half  of  the  previous  word  if 
that  word  also  contained  a half-word  instruction,  else  it 
will  be  stored  in  the  upper  half  of  the  next  sequential  ad- 
dress. An  instruction's  sequential  address  assignment  can 
only  be  chanqed  via  the  "0"  or  "L"  macros,  which  must  pre- 
cede the  instruction.  A sample  program  is  presented  in  Ap- 
pendix 0. 
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OPCODE 

A-REG 

SHIFT 

DESIGNATOR 

INSTRUCTION  FORMATTING 


FIGURE  A-2 
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C.  TRANSLANG 


Several  modifications  have  been  made  to  the  D- 
Machine  and  the  mi c roprogrammi nq  language#  TRANSLANG#  since 
the  publication  of  reference  9 in  1970.  Unfortunately#  an 
addendum  to  reference  9 has  not  been  published  and  these 
powerful  modifications  remain  undocumented.  Because  the  au- 
thors took  advantage  of  these  capabilities  in  writing  this 
Emulation  the  changes  are  documented  here  to  provide  'the 
user  a ready  reference.  They  include:  additional  logical 
operators#  program  address  modifiers#  and  an  additional  Y- 
select  input  register  (BMAR). 

(1)  Logic  Operators.  The  additional  logic 
operators  are  listed  in  Table  A-l  along  with  the  code  gen- 
erated by  the  Microtranslator  when  they  are  encountered.  In 
the  Table#  A1  and  B are  assumed  as  the  X/Y  input  operands 
respectively.  In  addition#  listed  under  the  columns  la- 
belled TRUE/FALSE#  are  the  tests  generated  by  the  Micro- 
translator when  a TRUE/FALSE  conditional  test  is  encountered 
subsequent  to  the  logical  operation. 
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OP 

MEANING 

COOE 

GENERATED 

TRUE 

TEST 

FALSE 

TEST 

LSS 

Less  Than 

A 1 -B 

NOT  AOV 

AOV 

LEQ 

Less  Than  or 

Equal  Al-B-1 

NOT  AOV 

AOV 

EQL 

Equal 

A 1 EQV 

B 

ABT 

NOT  ABT 

NEQ 

Not  Equal 

A 1 EQV 

B 

NOT  ABT 

ABT 

GEQ 

Greater  Than 
Equal  To 

or  Al-B 

AOV 

NOT  AOV 

GTR 

Greater  Than 

Al-B-1 

AOV 

NOT  AOV 

LOGICAL  OPERATORS 
TABLE  A-l 


The  programmer  is  cautioned  that  when  the 
Mi c rot  Pans  1 ator  encounters  the  keywords  TRUE/FALSE  it  back- 
tracks to  the  last  logical  operator  to  determine  which  test 
to  generate.  Thus  a TRUE/FALSE  conditional  test  which  is 
arrived  at  through  branching  may  not  have  generated  the  ex- 
act code  the  programmer  anticipated.  These  operators  were 
intended  to  be  used  in  a sequential  fashion  as  follows: 


A 1 GTR  B 

If  TRUE  Then  (operation) 


The  Microt ransl ator  generates: 


Al-B-1 

If  AOV  Then  (operation) 


The  following  illustrates  circumstances  in 
which  the  Microtranslator  does  not  generate  the  code  expect- 
ed by  the  programmer: 


A 1 LSS  B 

If  LC1  Then  A1  GTR  BJStep  Else  Skip 
If  TRUE  Then  (ooeration) 
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t; 

1 1 

I I 

[I 

I I 

i I 


Generates  the  code: 

Al-B 

If  LC1  Then  Al-0-l;Steo  Else  Skip 
If  AOV  Then  (operation) 

In  this  situation  "If  AOV"  is  always  gen- 
erated when  the  TRUE  is  encountered?  although#  obviously  if 
LC1  was  not  set  then  the  programmer  desired  to  test  for 
"Less  Than". 

(2)  Program  Address  Modifiers.  Two  powerful  new 
instructions  were  added  to  the  D-Machine  which  allow  direct 
transfer  of  program  control.  These  are  the  two  Type  II  in- 
structions: "Label -1 =MPCR"  and  "Label -1=CPCR" . The  first 

causes  a direct  change  in  the  program  sequence  by  loading 
MPCR  with  the  new  Label.  The  second  can  be  classified  as  a 
return  jump  since  it  causes  a transfer  of  AMPCR  to  MPCR#  and 
MPCRM  to  AMPCR#  thereby  setting  up  a program  jump  to  a 
subroutine#  and  saving  the  return  address.  This  code  is 
identical  to: 


Label-1=AMPCR 

CALL 

The  only  difference  between  them  is  that  the  CPCR  requires 
only  one  instruction  for  execution#  while  the  CALL  requires 
two  instructions. 

(3)  BMAR.  The  BMAR  register  is  formed  by  the 
concatenation  of  BR1  or  BR2  (16  bits)  ana  MAR  (8  bits).  It 
can  be  used  as  a Y-Inout  of  24  bits  to  the  Adder.  The  actu- 
al BR  register  selected  is  the  one  most  recently  referenced 
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in  an  external  operation.  The  user  is  cautioned  in  the  use 
of  BMAR  because  of  its  odd  size  of  24  bits.  The  unwary  pro- 
grammer could  unintentionally  allow  extraneous  bits  in  the 
most  significant  byte  when  BMAR  is  used  for  temporary 
storage  of  16-bit  addresses.  That  is*  the  assignment 
"AlsMAR"  is  considered  to  effect  a transfer  of  16  bits* 
while  in  fact  24  bits  are  transferred.  A subsequent  state- 
ment of  *BMAR=A1"  could  oermit  extraneous  bits  to  be  intro- 
duced in  the  third  least  significant  byte*  if  the  programmer 
had  made  the  assumption  that  only  16  bits  were  involved  and 
automatic  masking  had  taken  place.  The  programmer  can  force 
selection  of  BR1  or  BR2  by  issuing  an  ASR  or  ASE*  respec- 
tively* prior  to  a BMAR  reference.  These  are  considered 
external  function  NOOPS  in  the  Naval  Postgraduate  School 
Configuration*  however*  they  may  not  appear  concurrently 
with  a BEX  statement. 


The  remainder  of  the  TRANSLANG  statements 


are  reasonably  straightforward  once  the  programmer  under 


stands  the  instruction  timing  i di osync r ac i es 


provides  excellent  guidance  for  the  novice  microprogrammer 


This  appendix  provides  a copy  of  the  Mi c rot ransl ator 
output  listing  of  the  Emulator.  A copy  of  the  source  program 
is  maintained  on  cards  and  also  on  the  Burrough's  D-Machine 
disk.  The  object  module  produced  by  the  Microtranslator  is 
maintained  on  disk.  Each  line  of  the  program  is  divided 
into  four  sections.  The  leftmost  grouping  consists  of  the 
hexadecimal  address  to  which  the  microinstruction  was  as- 
signed by  the  Microtranslator  during  assembly.  This  is  fol- 
lowed by  the  56-bit  m i c roi nst rue t i on  which  was  generated. 
The  middle  group  consists  of  the  programmers'  source  coding 
which  was  input  to  the  Microtranslator.  The  rightmost  group 
consists  of  the  sequence  numbers  which  were  assigned  to  each 
input  card  as  it  was  inserted  into  the  source  file  on  the 
disk  by  the  Interpret er  ' s resident  1 i ne-edi 1 1 i ng  program 
(CARD-LIST) . 
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EN  BEX  03*3*10* 


STORESEOt  tSEQ  CHAR  AOOR. CM.A J.RC/W/f 


(••ICUliS 


ooeoooooooooooooooooooooooooooooo  o 

sssssss:ssss:s:s::s:s:sss:s::::ss  s 

M WWWWKtf  W WWMOMOW©  WWW  l»WH  WMWWWU  WWWW  W tf 

ooo»o«oft«»»»»»«««o6i»i»boeeeooooobo  w 

lOMat*WS*SW*i«%S«\«WS*OWOtl4Sat'OWSS<»Wto4>Via  * 

999999999999999999999999999******%*%%^  m 

••••#••••••••••#••••••••••••••000  o 


oooooooaouoooooooaoeo 

uoooooooooooooooooooo 

oeoooooooeoooooo«oo«# 

WWOWwOWWOtfOWOWOOWOtfOW 

ooooooooooooooooooooo 


• oiMnoifiin«Mn#inoOiiiiAooo#oo 

ooooooooooooooooooooo 


• s s 


A 

M 

O w 

S • 

S 

9 

s 

o 

o 

♦ a 

o o 

o 

• 

Ml 

O 

s 

s 

M M 

O M 

e 

o 

* * 

s 

s 

o 

SOw 

Ml 

w 

M S 

o o 

Ml 

a 

s 

w 

S 

W 111  w 

w 

M Ml 

O W 

S 

•a 

o 

S 

e 

• 

O O 

SSw 

S 

s 

Ml  S 

9 

Ml 

1 

Ml 

1 

Ml 

B 

M 

■>84 

s 

s o 

a e 

Z 

w 

S 

a 

S 

V 

w 

4 Ml 

z s 

w 

o o 

S -1 

O 

M 

s 

M# 

s 

s 

S 

w 

0 S 

M os 

s 

M 

O 9 

• • 

S 

s 

s 

9 

a 

o s 

N 

Ml 

9 

S 

9 

o 

s 

s 

W 

z 

Ml 

M 

o 

M 

S a 

AMO 

1 

Ml 

O M. 

s 

• 

u 

A 

u 

9 

A 

i 

O Ml 

S 

s s 

444 

s 

Ml  S 

aa 

w S 

s 

S 

S 

s 

S 

a 

s 

O 

-1 

az 

a* 

S 

S 

w M 

© 

S 

u 

s 

o 

B 

9 

w 

A 

9 

1 

SO 

O S 

M 

w o 

V 

•a  S 

ass 

S 

o 

• • 

O S 

s 

s 

1 

© 

at 

M X 

8 V 

a 

M O 

M 

S Ml 

S 8 

Ml 

9 

S M 

Ml  M 

s 

s 

s 

S 

w 

1 

o 

w 

1 o 

SS 

M 

s s 

•a 

w S 

MAO 

aJ 

MOSS 

s 

s 

9 

«4 

to 

at 

1 

s • 

S V 

9 

S 1 

M 

9 a 

W W 

a 

o s 

Ml 

a s 

9 

a 

V 

1 

w 

w 

at 

W 

0 a 

so 

M 

140  08 

M M 

S 

9 

s o 

s 

s o 

w 

«* 

«4 

W 

a 

w 

a 

M X 

a i 

to  a 

«l 

0 9 

K N U* 

M 

Ml 

Ml  O 

0 

w e 

Ml 

i 

1 

4 

4 

s 

4* 

S S 

os 

s o 

m m 

SOS 

S 

s s 

s 

S 9 

s 

to 

s 

► 

S 

w 

► 

< 

s s 

M M 

M 

S M 

W 

MM 

• MM 

M 

M M 

M 

M M 

M 

m 

M 

M 

M 

aa 

M 

M 

o 

Ml 

4 

S 

M 

S 

-I 

M 

S 

« 

• 

aa 

s 

o 

• 

a • a • w s mm 

N O s X « 

1910  m m i«o  j o« 

«(•«««  « < aJSO  • -■ 

■ 004  MS  U MS  M a S 

■ 4 _ l s mi  a o n •«  ■ o 4 ■ 

ss  swswsw  ss  msm  m mm 


Jl  ■ M 

■ 4-  4*  Ml 

WO  w M : 

4 J «J  • w M I 

* » M aJ 

4 4S  I «Sl  ••' 

0 4 4 0 444  tk  I 


a *zi  • x a zzz  x»ax 

Mi  M •»  W *|  w M w S *40  S 4»«4 

son  xxs  » 4 o • 

444040C  oa  o a ao 

VO  440  S 444  OS  O 

4-WSSMMSSwwfeOw  « WSOOSOt 
MS  004  SSw  J jw  SB  S 

tt4l J4M  8S  « «S  a JS44>4 

4o  sow  UM084  a aa  mis 
M «4M  S It  • W S «*»  BSMwwSMSSO 
wwsowos  #4asaw jnswoaa 


s s . s 

u o u 

M O M t AMI 

• Ml  Z M Ml  SSMIS 

is  vws  visas 

a wi  a 44  mi 

MS  IMS  - I 4«  I N 

Ml  4 n Ml  £4  WIII4 

MX  S Ml  X MM4SW4 

AW  W **844  W 48  A48  A 

V S S S A SMSBS8 

•e  5?  sSwo  2*  sssoSs 

IS  M4  408  MM  41841 

8t  • MSSS9I  S SSSOM  3 4 


::::::::  ••:•••• 

s:s::s:Ks::s:ii!::tss:::x:st:sms::::::  :::s&s::  sssssss  ss 
ssssssssssssssssssssssssstsssssxssssss:  xssssss  ss 

aaossawawaM8Saas«o4S4S4aasaaaaaaasaas8a  sssmmsos  smsmmos  sm 
voaosaaoeaoMSvvsavvavasooMavvasvsoovoso  svavvvao  oosooao  so 
O • W S • wO  • S O S S • O O • O O O S • • S • • SOO  S • • S • S S • S • S SOMOOOOM  SOSOOOM  SS 
• • Ml  S s Ml  9 m 9 MS  s S • SO  S Ml  S • S • M • • • Ml  • • S • S S • • ••  S • S • S • • • Ml  M • • • • • Ml  M MS 

ssstssss  ssssus  :s 

sssssssssssssssssssssssssssssssssssssss  s::s;::x  3533333  33 

S M 9 m O OS  14  • M * tO  9 81  S X • M 9 S O S Ml  14  • M 4 4 S 8*  S W • M M S O O Ml  M • M M 4*  S M 9 4*  S M < S O O Ml  Ik 

••••••••4444444444444444SOSSSaOSSSSSSSS  SOOOOUOO  OOOOOOO  OO 

WWWMWMMMWMMWMWMWMMMMMMMMMWMMMMMMMMMWMWM  MMMMMMWM  WWMWWMM  WM 

• SO SO SO SO SO SO S SO • SO SO SO SO SOS • so so so SO S S SSSSSSSS  SSSSOSS  SS 


. ....  ’ ^ - 


o © e 

© © o © © 

e ao 

o © © e © 

b u w 

woo©© 

ooc 

© © © © © 

«4  cv  r> 

roo  n« 

© © © 

© © © © © 

© © © 

© © © © © 

© o © 

© o o © © 

VOOIbV 

lt,*©|fc©tfc©lfctfc<tkll.«u. 

© © © 
u.  © u. 

© © • c 

OUMklj 

b (II  Ik  (k  IIIW  Ik  Ul  Ik  Ik 

III  Ik  Ik  O Ik 

• © • © o • © o 

•©••©©©©©© 

000*00*0000000 

© © o 
• © © 

© o © c 
• O © 0 

so 

UJ  s 

© at 

Ot 

9 S 

»-  Ui  w © w 

<0  © 

mu  a 

n © 

« « 1 o 

«*  © 

KKO  > 

o «« 

OUJUZ  ■ 

© *» 

©SUB 

1*2  RESTORED  TO  ROSHAL  BEFORE  EXIT  TO  WHERE  CALLED  FROH  02000(00 

07070(00 


OOOQOOOOClOOOOOOOQQOaOOOOQQQOOQQOOOQOOG»QOOOOOOOQQOOOOOOQOOOOQ 


W oooo 
o e o © e 


ooeoooooo 

•<Nnvin«N«» 


ewwowbwww»wwutf«bttb 
eooooooooooob u o e e u 

• n • • « 

•4«4«4«4w^«4«4«««4N(MN  N N N N N 


• + 3 


N I J III 
fO  Ul  (O 


•»  « 0.  lil 


— n w ui 


U U • I <0 

« J 

«H  NO  X 

N JB JUU 
<0  UI 

- ■ IbtkZ 


« I N N 

• » ON  •* 

i <v  a * to 

IN  N ft«  N 

NANS  i 

•M  IS  tO  tO 

IN  • ON  N 

I o o 

^ ♦ X *- 


uxuiz  z < < x z r 

oaa  jujz  »-  « 3 

NN  ZbS  SOI  S O * 

QUUMkh  UI  UI  S W UI  k k UI  11 

z -J  ■ — *-  z * — * z o c z 

N WC  N N «*  I 

M N N W »•  NNbNbU  I «(«« 

N um  JNIkN  « I M I «Q  MU< 

•>  -*  -i  o u.  — s ca  js  Jt»  j 

N > W •»  «J  ►«. 

» *4  k IN  U IkftlbNIbkSWO 


M 3 ► • 

10  ■»  o b 

- -J  < 

Z *4  N « 

UI  O M W 


U UI 


N N Z 


3 UI  • UI  Ulbbvlb  O III  U Z U »•  N « 

m z z zo  <oo.  zk  wa.  «■ 

►-  *-  U.  ►-  »«u  I z C us  zs  U®®( 

I wu  A*-M«4(U«^HO 

^uuum-N^uu^NNUM  •*  s a ai 

IMNNONNONO*  I I I N I N I OOI 

zzz  izjikS^NjjSNunnzKxi 

I « K J I O » N J»NUI 

to  Ik  •*  U.  U.<lk<z  U««NU."  ••  ■ z to  to  l 


ooooo oooo oooooo 


:sss::siss:sss:: 

::sssss:sss:::s 


I OUOUI  kONNNVNNNO 

i<VMn(nMUMN(NN(N(VNN 

• OObOOOOOOOOOOO 


O OOft 

« N AO 


MONO 

AOACI 


SkSoooSSna 

- - - OOOO 


NOUOMO 

OOOOOO 


• •oooo 


— r x -<•■«  • w 

-J  -j  — O Oft  o => 

IN  B R -X  Z«4l 
*»  ■ Ul  < «*UI  t-  I t> 

>•>  mu  cmszeuns 


►-  m ►-  u~oew-.oiMoXiiu.ee  * •*  *-  c 

e s *-  <-jxooo.-j>-~  « »»  w co 

s*tA.8M  *x  > < a ,jc  v>  « x » ce  x w : 

I N4>*4Uitt  M X O X — U)  J X X < I 

k«sr  - a i «4Unx""a:z  — - u.  m : 

-<ojacaas<<-<Miri;z(DU(D-o: 


oc  <♦</>■*  x ♦ < 

N M < «4  Ul  t 

w ion  asc  z n : 


> o o o o • « 

IftflflABI 

lCW«bO< 


Ik  t>  U V UU*UUUUU<UUIUUU<UOUOUUIUUU<UUUUUU<UUUJUUU 

OOOO  ©©©OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO©© 


bo  c o o o o o < 

AO  • O O 0 0 0 4 

00000  NOttl 


00000  o 
00000  o 
00  o O o o 
00000  o 


:S88SS5S 

► o o o o o o o 


00000000000000000004 

00000000000000000004 

00000000000000000004 

00000000000000000004 


>000000 


©00000000000ll\000©000000«404ft00wi 

oooooeoooooo«*oooooeoooooooooo« 

OOOOUIOOOOOOO<OOOOOOOOOOOO<O<OI 


O O < 0 000000«0*4000000000  *4000  *4000000004 

000  oo<<ooomoo<<oooo»ao»o<<oo<oo<oooo« 


10000  o«4N« 

10000  0000 


Will  IIMIMlMi  lb  a 


f 


000000000060000000000000000000000000000000000000000000000000 


ooo«ooooooooeeooooooe 
ooooooooooooo oooooooo 


oooooo 


o o 
n n 


sss:s:s::::::s 


tt«»W  VOL  . 

0000004 


> » » 

> o * 

> o • 


o o o o 
*00^0 
o o o » 
0*00 
o o o o 


ooooo 

0*000 

ooooo 

«4M  n f V) 

ooooo 


eooeoeobbeooeofie o o o o a 
•oo«o»ce«oo»oo««oo*b< 
w o w b w w ovwuvwuwbitouowi 


>00000 ooooooooooaooooi 


uwweooobwwuuuwwui 

00000000000000001 

Of<ftnvift<tNSfto«(Nnvv>< 


O O <«MHN 

x x »tA«aui 

N CM  <WUI4t  O 

111  bc  cr  o 

» A.00SU 


a • 00 

Mr  *ui- 


X 

IS  X X X 

X 

X X 

X 

X X X X 

X 

0 vox 

X 

XXX  X 

X X 

UlMMItfUIW 

X x 

X X 40  O 

X 

X XXX 

X X X X X 

X 0 

uo  1*  u>  a.  (A  a. 

X X 

•*  X X X - X 

9 X 

O X X 9 O 9 

-> 

B IB  1 

at 

ft.  O 

X X X X X X 

02  3<  - 
JU)-W  O 


B I OO 
9 019 

> X CM  O *-  X 

I X Ui  U < Ul  U 

* X B JMflMO 


0 o >0 
u g < b b 

« ♦ OO 


o o o a < a 

in  o 000  « < 

M U » 1UU 

*M  O X CM  fit 


X 9 III  A BBSS! 

M X » 

4.  9 X X X X X ► 

9 Ul  U 


J I*) 

« © « 

O V © 


■ U u SB  BTC  BBS  B 8 III  O BB  C 

^8  BO,  W9  III  9 9 W lillll  9 III  WOK  OO  < fit 

MO  SB  I I Z")  znnzxz  ^ X B OB  CMBO.  B » O 

O O M SB  N N ^ X «*  OCBH  «<  B B 

SCO  «4  M 00  X XX  X CM  XXO  JBBOB  I — X 

OMUB  II  bl  NW^UIUI^»-»>  Ml  X * SB  I J ■ N « < O X < 

O H B.  « X X XX  OXOXXOOO  X (A  BB  » III  BBBBU  X <0  ■ 

8XIB  XX  BB  JMMB  JB  ©MOB  « BB  JB  - O t _ ■ © • X 

XOB  I M -I  O O BN  J 4 o a*  "*0-0X0  O X CM  X 

OB  • «*B  JUIUI  «*f«  NM  NMMMMMOMOM  «BB«BOCXB*  OOOOX 

hi  k «b  » < x z 1 1 oaoawoooBaB©  x x x e « w « o X x ui  x x x < 

ZB  I BOOOOO  OX  XtJXXXXXXOKOX  0BB0CBM4O  »B  B X 

0*08  III«NM  OO  BBlBOaiilMMMJCMMMMOi 

«MOO  NBOOB  OO  XX  BBliBBIbOBIOIL  - X O W O O "Ml  - ■ 3 XXX  1 
BB  OBIMBOK  4<|||hhmmwhhm4mBm  B B OB  OB  ft  J W J N ">  »««  •( 


• - B OB  CM  BV«  B 5 O 

OO  OOOO  OOO  OO  X 

10  x o o o 000  o o o 

OX  OBBB  XXX  X X OO 


::::::: 

:sss:s: 

sssssss 


X O O O O O X 


»&*»»*»»*&»» 

0 v 0 

»sk 

CM  O O 

OIBCMIfclBOlBOIBOlBlBIBIBlBIB 

OOOOOOOOOOOOOOOO 

BUHBBUBt 

OOOOOOOO 

s:ss::ssss:ss 

O O O 
«•  0 o 

:sss::s:sssx::sz 

OOOOOOOO 

OOOOOOOO 

::ss::s:::ss 

sss 

xoo 

••Do ooctosttt.Sa 

OOOOOOOO 

OOOOOOOO 

000000000000  x 00 © o © o x o © © O O O O O © O O 0000X000 

OOOOOOOOOOOO  x o o o o o O X O O O O O O O O X o O XOXOXOOO 

00X000X0X0X0  00X0000X0X000000000  xoxoxooo 

‘xxxxxxxxoxox  0X00000000000000000  00000000 

xxoxxxoxoxox  o o o x O o x O O O K X O O O O O O X 000X0000 

000000000000  © ©•  • ••  •if  • ••  • © o©  • oxoooooo 

OOOOOOOOOOOO  o 00 8x00 o o o 00 So o o 00 O 0000X000 

IX  XXOOXOOOXXOX  X O O O X X o O X O u o X X O X XO o OXKOBXBU 

to  OOOOOOOOOOPO  OOOOOOOOOUOOOOOOOOO  00000000 

»o  OOOOOOOOOOOO  o o o o o o o o o o o o o o o o o o o 00000000 

» O OOOOOOOOOOOO  © o o o o o o o o • o o o o o o o o o 00000000 


110 


a-caoc  11 zs at oe 


eeooo«oo«ooA(ieoeQoeoooeooeQooooeeeeoooeooooeoeo60ooooooooobo 


•ooooooooooooooooooooooo 

•••••••••••oooo*eooeeoee 


0 0 0 0 4 
O » O O « 


•000000004 

•000000004 

OWOUWWWWWt 

00000000004 


::ss:s: 


oo  o o o o o 

• oo • o o • 


dlblbV  «<4lkUlklkWV  0 0 0 0 0 0 4 0 0 0 0 0 0 

OOOO  ••••••••  •••••••• o o •• • 


:x:s:ss 

sssxsss 


0000000004 

AAenenanni 

•000000004 


::s 


ssss  sssssxss  ss:::xs:s:::x 
ssxs  :::::sstss::s 


SS||SS| 

»»::s 

xsssrss 


oOooooooot 

OOOOOOOOOI 

0000000004 


sxsxsxxs;: 


»OOIi 

80  0 0 0 
ooom 


•ooooooo  ooooooooooooo 

• • • • • m O O • O O • O «*  O O O O O O O 

sssssss: 


ss 


ssssssssssss; 


•SooSSSS 


» • O O O O • O 4 


eofiOeeao0QeeflQeuefiftoaoooaoQ6eobc>aooooeeDfieoe(teooefiaoeoaAeo6e 

ecioooxxxooxooooxxxxxxoxxx 
oooooxxoxoooooxexoxoxxxxx 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

oeooooooo oooooooooo oaooooooooooox* 

uwuwveww w wwwwbuw wwW wbouoobubvvwbbw 

OObWVebOOObOObObOOOuQOOgbVDOOOUWCtO 

XAxxovtxto 

000»bb*4b*<*«*4^*<**NN<yNNNNNNNr»t»)l»trtrt«Wrtn« 


tt  vr»t  vn 

wnwrt^nrtrti 


ogeooobu*figoo*<i*ogi 


s x x x x x x 

»AI9l9Am9 


I 

¥» 


9 X • O I 

tbiu  b X 1 


S S 

X M 

•»  m 


• X * 

Ul  /S 
CAM 

• M A 


r m 

in 

■ • 


x x 

u u 


i * S 

«9«<« 
U^<  X 
X * - Ul 
XX  bus 

Ml  111  I M 6l* 


» S 

■ ■ * ml  m O N 

W «4  44  U M b 

II  I ■ • H0Cm  f 
XrtrtX^  J k>IMK^<- 
U « M U • in  % I • 9 

!tfbb  W4  * 4 b*5T*b 
auMMinaix  • nn9 
*>XXm»mCXXXX«C«mX 


o X Ul 

a x • 

<9  Me  «* 

lOB  « X 


X X x X at 

« X c C <1  o z 

X - 

u 

X « 


Ul 

X ■ • M*  X AI 

t-  ■<  U - 1 


XI  M»  I I Ml 

mx  xx  « - a 


M 

X 

M 

X 

uun 

It 

u X 

u 

ui 

o ■ 

Ul 

X 

•< 

•»  mt  M 

a4 

X o 

o 

X 

X ■ 

X 

u 

X 

ai  ai 

X 

to 

X X 

X 

B ■ 

X 

X 

x c 

X 

X 

u 

■ 

X 

X 

Mil 

a4 

X 

X 

u. 

X 

Ul 

M ■ 

Ul 

X 

X Ul 

X 

Ul 

9 

M 

a* 

u 

» X 

u x 

M 

A 

M 

X 

A 

BA* 

X 

X 

X 

A 

A. 

o ►* 

x ■ 

o *- 

•4 

4- 

t- 

t— 

0 

X 

•a 

o 

X 

X 

44 

X 

M 

ai 

•a  4 

•a 

*m 

O 44 

M 

• 

u 

1 ■ 

u 

X 

■a 

0 X — 

X 

U X ai 

4 

X 1 

CM 

X 

44 

u.  o X 

u.  e x 

X 

A 

e 

X 

M 

X X 

o 

X 

X 

X Ul 

X 

X 

1 

— X 

•m 

Ul  ■ 

- « 

«u 

or. 

N 

aa 

X 

• w 0 

X 

X 

w 

o 

aa 

X mJ 

X 

a 

X X » 

X 

o 

-J  X 

♦ 

Ul 

XX 

m 

X 

aa 

X 

- X 

e * 

• X 

M 

X X 

X 

X « X 

M 

X 

M 

X 

♦ X 

D 

U* 

•4  Ul 

*->  • 

44  Ul 

•4 

t» 

• 

u. 

r» 

X 

Ul 

Ul 

M 

fc- 

a 

Ul 

Ul 

X X 

u>  * 

X X 

♦ 

Ul 

44 

■a 

aa 

a x 

K> 

X 

o 

to 

m m 

M 

X 

X X 

X 

r-  • 

XXX 

X 

X 

M 

X 

X 

X x • 0 

• • X 

X « 


ssSssSsSsSSSs 


teeooeooeeeoo  o o o o o 

. «u.  u.  w u.  m u.  u.  u.  ita  w 2 **■  !t  2 5 

> a a a o o a a a o • a o aaaaa 

> O O OOUMOVOOeb  U O O It  o 


iiiiiliiiiliiiiiiiiiii 


xt:stx:s{s::s  ssrssssssssss  sssss  ssssssssssssssssssssk: 
::::s::u:sn  sssssssssssss  sssss  :*:::::::ss::s:s8::::: 


SSSSSSSSSSSSf 

SSSSSSS 85  SS  S x 
2S32322  3333SS 


>om ooMMoerroe 
iSo eMUMOMUUOO 

I O O OMNMOOOQUiO 
.or  t urijrMraf  o 

I X • OOOMOOOOMir 

>x*ou-*x*o**xir\ 
n* «ot lx xrvv^ 


eexxxxxxxxxinxxxvtvvxvxi 

8235xS<£«iSxSci2xx5222«2! 

r«rara»r«MMr«trrra»vi 

ommnmnmmmmkmmmmmmmmoni 

*WX«**XX«»X*XO*OXXX*XX*4 

xx»nv«iM««»ft#[x<«rrM^V4i 


SSSSSSS3S288S  :si 

VVMVtMMVVMVVV  V Ml 

• •MOM  AM  UCiMMMO  • AI 


uuuuuuuouu 


• OOUMI 

uuuuu 


SMNAfAAhMAMMUOAMMMNMMI 

aooooooflaQdaaaowwwwuM 

MMJtMMMMtfjMJtJJJMMMMj 


111 


A 


ou&ooaeoeeooeoooooooeoe&eooo&ooeoooooooooaooouooouooeooooeoe 


oeettooo«o»»«ooee«fofoe«ooeo«oo»9 

•e«ee*o0e*«««ooo»ooeeeoooooooeoo 

OOOUOttftbWbbfctbtaObVUWOOOOOUOOOCOQ 

K*»»«Nnv«(«N*bu«4Movir<«^«t>o««Mnvin«Ka 

aaaftftftftftftftftftftaaaaaaaaaaftftftftftftftftft 
nnn  nnnnnnnnnnnnnon  n nn  nnnionnn  Mnnni 


:s 

W M 

a a 

58 


•oooooooooooooooooe 

>eaaaoaaoaaooaaooaa 


Ul 

Ul 

z 

a 

«■ 

a 

•B 

ft 

ft 

ft 

gg 

a 

N 

ft 

mm 

a 

a 

a 

a 

or 

a 

•» 

a ■ 

a 

ft 

a 

a 

♦ 

a 

a 

a 

a 

a 

♦ 

z 

a 

a 

a 

u 

a 

a ■ 

a 

ft 

ft 

Ul 

a 

a 

a 

a 

mm 

ft 

ft 

a 

z ■ 

a 

a 

« 

II 

a 

a 

z 

ft. 

z 

z 

a ■ 

a u 

a 

o 

a 

a 

a 

z 

Z 

a 

o 

a 

a 

a 

e 

a 

a 

z 

a 

OK 

Ul 

K 

a 

Ul 

z ■ 

a a 

a 

a 

a 

a 

a» 

Ul 

ft 

•» 

■ ■ 

a 

ft 

a 

a 

U 

U 

z « 

o 

U 

Z 

z 

a u 

a 

z 

a ■ 

a 

z 

a 

ft 

a 

ft 

z 

z 

■ 

a 

z 

z 

a 

■ 

a 

it 

ft 

A. 

o 

ft  •• 

ft 

a 

o 

ft 

Ul 

« • 

z ft 

a 

a 

Ul 

a • 

n 

a 

a 

a 

a 

a 

ft  ■ 

« 

10 

a 

a 

a 

z 

i 

u 

m 

s 

u 

a 

z 

S •* 

a 

a 

z 

a a 

a 

ft 

« 

z 

z 

ft 

z 

z 

a 

ft 

■ 

ft 

ft 

« 

u 

ft 

n 

u 

ft 

a 

a ■ 

Z 1 

a 

o 

z a 

z 

ft 

«« 

ft 

■ 

ft 

ft 

i 

l a 

ft 

a 

ft 

ft 

H 

i 

ft 

ft 

ft 

ib 

o » 

1 

ft 

ib 

O 

a 

a 

1 • 

z 

m 

ft 

k» 

u 

ft  a 

a 

ft 

ft 

i 

i 

ft 

i 

mm 

ft 

ft 

i 

ft 

I 

9 

1 

or 

Ul 

1 

a 

pm 

z 

Ul  ft 

a a a a 

a 

a 

a 

ft 

ft 

ft  ■ 

a 

a 

i 

z 

ft 

ft 

a 

ft 

ft 

ft 

a ■ 

z 

Z 

ft 

ft 

i 

ft 

a 

a 

a 

m 

or 

a 

z 

a 

a • 

z *- 

• 

• 

a 

a 

a 

a 

I a 

ft 

N 

a 

a 

a 

a 

9 

a ■ 

a 

ft 

o 

a 

a 

9 

a 

-i 

«U 

ft 

< 

•» 

S 

o 

a 

«% 

a 

z 

■ 

a • 

ft  Ul 

a 

a 

a 

a 

■ 

ft 

ft  a 

ft 

ft 

a 

♦ 

♦ 

a 

a 

a 

a « 

ft 

ft 

a 

a 

a 

a 

a 

ft 

9 

ft 

«« 

Ul  u 

ft 

ft 

«4 

u« 

■ 

lb 

z 

■ 

■ 

o 

9 a 

ft 

a 

Ul 

ft 

Ul 

ft 

ft  ■ 

a 

♦ 

ft 

ft 

ft 

ft 

a 

• 

Ul 

at 

z o 

(A 

Ul 

a 

Z 

ib 

•o 

a ■ 

a a 

«« 

a 

a 

a 

ft 

a 

a ■ 

m 

a 

a 

Ul 

ft 

■ 

ft 

a 

a 

a 

a ■ 

a 

w 

a 

a 

a 

9 

w 

a 

a 

9 

* 

a z 

ft 

a 

c 

a 

• 

mm 

a 

ft  ■ 

a ft 

a 

a 

a 

ft 

a 

m 

a a 

a 

a 

a 

ft 

a 

a 

a 

a 

M 

mm 

a 

ft  • 

ft 

a 

•• 

•• 

a 

a 

ft 

a 

a 

a 

m 

ft 

ft 

•• 

M 

w 

* 

M 

•• 

K 

ft 

ft 

ft 

a 

a 

a 

a 

85555 

a a a • 
a a a a 

a a a a 
a a a a 

888:8 

88885 

8858 

8888 

88858 

aa  a a 

8885 

a a a a 

88858 

83888 

a a a a 
a a a a 

v • u ft 
M«  ftft 

:s 


ik  n it.  ii  ifc  v 

• •••••• 

a a a a a a a 

A • 


sissssi 

••••USA 


oteoooi 


aa 

o 

a 

a 

o o e 

o 

o 

o 

a a 

a 

a 

a 

a 

a 

a 

a 

lb  V 

a a a 

a a 

a 

a 

a 

a 

a 

aa 

• a a 

a o 

a 

• 

o 

a 

a 

a a 

a a a 

a a 

a 

a 

a 

a 

a 

a a 

a a a 

a e 

a 

a 

a 

a 

a 

a a 

a a a 

a •% 

ft 

a 

a 

a 

a a 

o o e 

a a 

a a 

a 

a 

o 

aa 

ft  ft  ft 

o o 

a 

a 

a 

a 

a 

aa 

• e 

a a a 
a a u 

a a 

o o 

a 

a 

• 

a 

a 

o 

a 

a 

aa 

uueo 

a a 

a 

a 

o 

a 

a 

a a 

a 

a 

e a a 

a 

a a 

Ul 

a 

a 

a 

a 

a a 

ft  ft  ft 

ft 

a ft 

ft 

ft 

a 

a 

a 

O ft 

a a a 

a 

a a 

e 

a 

ft 

a 

a 

a ib 

a 

• •u 

u 

a a 

u 

o 

a 

a 

»o 

a a 

a 

a a a 

a 

a a 

ft 

a 

a 

a 

u o 

a 

a « a 

in 

a ft 

a 

a 

u 

a 

a 

lb  u. 

ib 

a a a 

o 

a a 

a 

a 

a 

ft 

ft 

a a 

a 

in 

Hi 

in  a «\ 

ft 

Ul 

U*  ft 

ut 

in 

ft 

Hi 

u*  ft 

ft 

o e 

a 

a 

• a • 

e 

a 

a o 

a 

o 

a 

a 

a 

a 

1 1^ 


(9>UTI2I<I«I  IMSCCi 


it 

k . 


00000000000000000000000000000000000000000000000000000000000 

oooooooooooooooooooooooooooooooooooooooooeooooooooooooooaoo 

oooooooooeoooooooooooeeoooooeoaooeooeoooooooooooooooooooooo 


ooooooooeooooooooooooooooo 

eooeoooooeoooooooooooeoooo 


a 

^ a 

a 

a 

a 

N 

a 

a 0 

a 

a 

a 

O 

a 

^ a 

• 

a 

a 

-J 

a 

a 

a 

a 0 
a a 

• 

■ 

a 

B 

a 

X 

0 

a 

ui 

A 

• 

a 

0 

a 

a 

a 

a 

a mi 

n 

a 

0 

M 

a 

•• 

a 

a 

0 a 

m 

a 

0 

V 

a 

0 

X 

a 

** 

0 X 

a 

m 

mm 

A 

• 

a 

0 

a 

a 

X 

a 

a 

a a 

•- 

0 

a 

a 

a 

mm 

X 

a 

0 

a 

a 

x a 

a ■* 

0 0 

0 

a 

a 

0 

a 

a 

a 

a ui 

X 

0 - 

a 

X 

a 

X 

0 

a 

X 

0 a 

a 

a a 

0 

0 0 

X 

m 

a 

a 

X 

a 

X 

a 

a 

a 

X M Ul 

a e 

0 

X 

a 

0 

a 

«■ 

a 

m\ 

0 

a 

a 

< -J  a 

X 

a 

X 

X 0 

0 

a 

a 

X 

• 

a 

a 

e 

e 

X X 

0 — 

e 

a 

X 

a 

0 

a x 

0 

w 

a 

a x 

w 

f 0 -j 

M 

mm 

0 

X 0 

• 

a 

B 

mm 

a 

mm 

0 0 

o 

a 

ml 

mm  mm 

a 

u.  a 

X 

A 

►- 

0 

o 0 

■ 

a 

a 

X 

x 

a 

a 

a 

X 

— X 

mm 

0 

BOB 

m 

a 

• 

m 

a e 

o 

• 

X 

a 

u O 

a 

X Ul  0 

o 

X 

••  «J 

« u 

mm 

0 0 

B 

X 0 

• 

O 

*o  0 

►» 

0 

a 

«*  0 

0 

0 O — 

X 

Ul 

X Ul 

*• 

a a 

0 

a 

B 

* 0 

0 a 

0 

a m 

0 

0 0 

a 

a 0 

a a 

O 

o 

WUu 

0 

* 

W 0 X 

0 

° 

_ 0 

B 

a a 

A 

w a 

X 

A Ik 

o 

0 

0 ■ 

A 0 

0 

— x - 

a 

a i a 

Ul 

0 

« a 

0 

M 

Uf  IT 

B 

i 

■ a 

0 

a a 

0 

a i 

* 

0 

0 a 

■ 1 

w 

O « 0 

a 

a 

o 

■■ 

a 

•»  x a a 

M 

0 -• 

a 

•» 

0 

0 

X 

♦ ^ 

0 

J J 

a 

X 

Ul  0 O 

o 

X 

w 

A0OM 

a 

0 mJ 

0 0 

0 

0 

X 0 

0 

0 0 

a a 

O 

X 0 

U 0 

Ul  o 

o 

Ul 

a x a 

a 

0 

a x a 0 

a x 

a 

a 

0 

0 X 

o 

a a 

mm  mm 

0 

0 X 

« H K k 

a 

o 

-i  a 

mi 

W 0 0 

a 

0 

a 

0 a 

N 

0 

a 

a a 

0 

0 mm 

a a 

a 

a a 

0 

a u - 

X 

a a ►- 

*•« 

O 

0 a 0 

u 

a a 

a a 

mm 

a 0 

0 X 

> a 

■ ■ 

0 

0 X 

0 0 

H UJ  K 

— > *-  » 

a 

*» 

a 

* O 0 0 «J  0 

0 

0 0 

a 

a 

■ 00 

a 

0 

0 

X 0 

« a 

a x 

0 

0 X 

X " x w 

M Ul  Ul 

w 

0 

0 0X00 

0 

0 0 

0 

0 

w 

** 

w-u 

► 0 

w 

O 0 

a — 

x W 

0 0 

w e 

< 0 t)  •* 

0 0 0 M 

0 

m 

Ul  O k>  B 

0 

0 

0 

0 

0 

0 

a o 0 a 
a « « a 

a 

0 

a 

0 

a x 
0 0 0 

■ 

a 

0 0 

X 

0 

a a 
(0  0 

0 X 
0 0 

0 0 

a 

0 0 

•>  u u 
x 0 o 

»*  XQ  • a ■ U I 

i ik  n ■ ««  i *<  a i 

HUI  I ■ I «4  • 

9«<e»  ■ xii 

• BUS9B  o o • 


<x«  m a u a or 

— u a x o « 

Aji  usa  os  a. 

< U 8 k WO  Ul  CM  X 

w a u czaiizu  ■ 
oo  a ou<»*CMkjM«4 
O O • O - XI 

sw<«  a o «4U  — «*-»! n 

uie  t «<  i ooaeew  «k 

Ul  — X I U.ZQEZ  C OMO  OCK 

aouo«u  < • » 


a.  x a ns 

uo  ui  a a ui 

O O x < X 

■ 0 O x-  X « *- 

u a a 
m u a u 


l9Hlk«*IIIUIkOUI<  a at 

lOkweibZi-  m x ■ «k 


833333 

3X88333333333333333 

3338333 

33333333383 

a 0 0 ik  0 ik  ik 

0 0 • 0 0 0 • 

zzzzzz 

zssssz 

zzz:s*::s:z:zzzzssz 

OOOOOOOOOOOOOO0OOOO 

eaoeaoo<oouoooao<<e 

SZZZZXS 

SS3S8SS 

ZZSZ38SZZSZ 

0O00O00OOO0 

00000000*«00 

8SZ8SZ2 

ZSSoSSo 

0000000 

00O00O0 

8S3S3CS2SSS 

0 0 • 0 0 0 O 
0 0 0 Ik  0 O 0 

zsssss 

0000000000000000000 

0000000000000000000 

SSSSSZZSSSSSSSSfcSSSS 

SS322ZS 

0 a 0 0 0 0 0 
a <u  a a a a a 

00  0 00  0 

0 0 o«  o*  lit  0 

• 0 • 0 © • 

000000000000000X000 
0000000000000000000 
•.  0 0 0 ■%  o 0 a*  0 0 0 0 0 •*  •»  a*  •*  •>  0 

lit  0 0 •»  0 •»  0 

OOOOOOOOOOfk 

0 0 0 0^  0*  0 o»  0 0*  0 0 

000000  00000 

K k K K k k K 
0 0»  0 Ot  ««  0 0 

• 0 0 e 0 0 0 

ooooooooooooooooooooooocfoooooooooooooooe 

oooooooooooooooooooooooooooooooooooeoooe 

irt«N«»e««Nntir)«N«»o«4Mo»iA«K«*to«4Nnviii«N«oiOf4Mnv 

• ••«C»»»»»»»»»9<0000000000««^W*««(X>4*<i4<4NNNNK 


m 

a 

m 

e 

m 

X 

m 

X 

m 

0 

m 

0 

m 

ro 

m 

X 

0 

m 

MM 

0 

V 

0 

m 

NO 

N 

0 

0 

» 

0 

X 

0 

Z 

0 

0 0 

— 

0 

Mi 

0 

M 

0 

♦ 

0 

0 

X 

■0 

X 

0 

— i 

0 

X 

0 

or 

ro 

— X 

ro 

0 

M 

0 

e 

a 

X 

a 

X 

0 

IN 

mm 

K 

0 

0 

0 

0 

or 

Ci 

0 

Mi 

X 

0 

X 

a 

X 

X 

X 

or 

0 

N J 

0 

0 

or 

0 

0 

0 

a 

1 

M 

0 Ui 

0 

Mi 

X 

X X 

0 

M 

X 

e 

X 

Mi 

IN 

M*  — 

or 

0 

IN 

X 

X I 

oc 

0 

— 

N 

0 

0* 

X 

0 

O 

X 0 

X 

0 -1  < 

e 

0 a 

♦ 

X 

— 

O 

a 

1 

O 

a 

0 

0 0 

X 

X 

♦ 

0 

0 

a 

X 

CO 

0 Ml 

— XU. 

*0 

— 

IN  O IN 

0 0 

X 

X 

« 

0 

11 

0 

(A 

or  U 

o — O 

O 

O 

x e 

0 

X N. 

0 

«• 

0 

M 

X 

Ml 

O 

at 

0 

•J 

M 

X 

0 0 

a 

X 

X 

to 

— 

O 

X 

X O 

0 0 X 

0 

x 0 x 

0 

ox 

0 

«r» 

e 

X X 

0 

O 

*-  x 

X — 0 

Mi 

0 

0 

O 

X 

X — 

0 

0 

0 

0 

0 

X — 

O 

0 O 

X 

X 

0 

— O 

0 

0 

a 

X 

0 

0 

X 

0 a 

X 

a 

X 

< 

X 

0 X X 

— 

M 

X 

X 

0 X 

0 

X 

e 

1 

X 

0 

0 

0 

0 a 

x a 

a 

M 

-J  0 

X 0 M 

O X 

a 

II 

0 

0 

N — 

X 

X 

0 

a 

> 

II  NO 

a 

0 

B B < - 

B X X 

-/ 

0 

X 

0 M 

X 

X 0 

00 

• 

0 

0 

X 

or  0 a 0 

Ml 

0 KNO 

to  X X 

M 

Mi 

X 

X 

0 

X 0 

0 

M 

to 

M 

0 

mm  n 

M 

N 

0 

X UO  > 

X 0 X 

M 

0 

0 

X . 

X 

— x 

O 

X 0 

0 0 x 

B V>  U 

X 0 

to 

CD 

BB 

e m 

MUM 

Mi 

Mi 

0 

0 

0 

0 X 

0 

0 

000 

0 

W 

0 

0 0 

0 

0 

0 

0 

<0 

mm  ao 

0 

M 

X 0 

0 

•0 

X ro 

0 

M 

x e 

X 

X 

0 X 

X 

O X 

0 «4 

X 

X 

or 

X 

O 0 

X 

X 

N 

0 

O 

X 0 

► 

N 

0 

0 

a 

0 

0 

to 

» 

•» 

a 

0 to 

X 

X 

X 

0 

— X 

0 

0 

B 

M 

X 

0 

• M 

** 

U ■ (0 

. a.  or  ■ u. 
• r o • u. 


i ac  • ■ x ac 

:c  z • n «* 

• U U I w 

_i  0 a 0 V)  M I 

0 0 0 ■ • 0 X « 

► X 0 ■ — N 

1 Ul  Ik  • ( 

-1-1*0  * 

, B HM*  | 

• •Zb«<0< 


mm  U • U 

w -i  a.  o.  a ■ x a. 

0 ♦ (K*<  £ U ■ - U 

•O  UB  H H * M 

S < «,«  HS  B 

Ul  0 u 1**21 

X — X 

u r ju  f*w  a i box 
O NX  I X X X * X 3 
Ot  Or*-  BHUOI  < o 
0*0  X -J  0 ■ X 

II.  K ON  u««  « ul  B H < 

» «wft«uaiL  «un 

-*<  J-OJUIU,  • — U.  QC 


SM<4oX<J">UJuilbBH|iS  KlkB  XlklOOK  " < 3 

■ n«*  uim  x mi  ^ jb  Sm<ujb  4 w<  m j 

unki  1 b z 1 il  1 xiLooiaxw  0 * 01  1 ns  - 11  » 

<N<MXXV«»U*"HXBHMUaX«  *«•#«  JNB 


Mi  oc  to  a. 

XU  Z X 

0000  m 

X — x at  *4 

— M ••  0 — I 

t X — — XX 

f -J  I a — MO 

K X < 0 0 

1 N K o M K Mi 

0 190  < B II 

X « N ZOOM. 

Of*  tt  Ul  M «J 

u.  a.  ir  10  < 


MX  < S I 
QE  Ik  0 N B I 

or  *-  001 


• X X X 

u:t 

»3!2»$3*2»*2S22 

x 0 x e 
X 0 0 X 
X x x e 

X X X X 

X X X X 

:txt 

222X88X2:2:8:2: 

x e 0 x 
x x x e 

szz: 

82:222:2:82:2:2 

X X x X 
x 0 x 0 

X X X X 

Hi! 

iiiisiiiisiiiii 

X 0 x x 
x x u e 
x 0 0 0 

ssss 

2X222222:2288:2 

X X x e 

8882 

282S:S32S»:SSS2 

X X X X 
NX  VO 

2228 

2X2S222SSS2222S 

OO00 

2222 

22222 222222 2 222 

HI  Hi'Hi  X 

x x x e 

•OOOOOO&ObOO 
I M 00  O Cf0  <40000 


ooooooooouoo 

0OOOOAOOOOOO 


ov««o0o0orvoboev0cit0ooooo 

000000000000x00000000000 


OOOOOKOOOONNOOOOOOOOOOI 

OOOOOOOOOOOIkOUOOOOOOOOl 
MOOOOOBBVOWOOOOOOVOOOOI 


O**W«r00N0M<OOOWIkOMN0»0«N 
M.  m » Hi  m Vim  Hi  III  It  ■!  11  III  III  m O « 0 0 « « O H)  0 


SHIFT  MSHT  DBL/Flll  ZEROS  • ••  •••«  ».«•!  7Z9 CSOO 


7159100 


I 


oooooooeeoaeooooooeoeeooeaooooQQOoeckoeoooooooooaooooeoooQOtte 


o o o o 000000*0000  **oooooooooooeooooooooo*oooo**ooooo*o*oo 
oooo«ooooeBo»e«*oooooeeoeoooeeeoeoeeoeo«eoo«o«ooo»O0»eo 

WWWWWOUUwWWbOVWOwWWWWOQUWUWbUWbbVWVWWOUWWWUUWWOwwWUOUwW 

ooo«ooouowg«o»ooeoeo0CioogocoooQoooooooeoooouoeo»oowuoob 
o*«oa’>*oo*ooo«'aui*a*ir>o»>*ooo«*cuf*xoo9to*o*«cuoxoor«oxo*«fuoxoo*ooo«««a’>x 
000000«ooto  0eoo0«4*(«4«4«4««*4«<«4«4NNNNNNMMftNnnnnnnionnn0»vvv 


to 

W 0 

•l«*0 

O 

to 

4 

Ul  mm 

4 

10  4 

4 

X x 

X 1 ml 

o 

X 

o < 

X 

4 40  1 0 

to 

X 

X 

o 

<4 

Ul 

Ul 

e 

44 

4 o 

o 

-J  ♦ 

> 

(0  O 

mm 

o 

X 

o 

w 

O CD  «4 

*•  CM 

«0 

o 

pm 

o 

ml 

o 4 

ml 

4 

o 

4 K 4 K 

*rn  M 

Ul  u 

o 

ml  Ul 

to  o Ul 

1* 

Ul 

-1 

^4  M *4 

4 «* 

X 

3 

4*1 

a 

CL  « -J  — 

X 40 

X 

Ul 

0«ON 

O 0 

o 

a 

X 

44 

e 

d»uu. 

1 ml 

u. 

O 

w f4  X X 

Ul  X 

o <0 

0- 

t 

u 

0 UJ  X 1 

4 < 

X 

1 

40 

10 

4X4* 

X * 

4 

09 

* 

00  00 

■ u 

o 

(V 

1 

a 0 o 

© 

mJ 

X 

44 

CM 

e 

ISO  1 L 

X — 

o 

40 

4 

CD  O > 4 

41 1 * 

O 4 

M 

40 

CD 

O 4 

■<  O 

•4 

O 

•»  o 

4- 

4*1  U 

3 

*-  4 ■ V> 

x e 

Ul  W 

4*1 

o 

~ 4*1  4 * 

4 * 

X 

mm  O 

o 

o 

CD 

09 

X to  x 

- ml  a X 

►- 

** 

4 *-  — 

a - 

1 

<0  M 

X 

«IMK 

#4 

ml 

X 

4 

4 

4 

4-  * 

4 

O 4 

ml 

Ul 

X 

* 

O Ui  * 3 

•4  O 

Ui 

3 

ml  O -IX 

■ 

4 U Ul  V» 

X to 

N 

-i  P4 

4 

44 

3 

3 

* or  or  *- 

W X 

mm 

*- 

O 4 

O 

401 

X 

N 4*1  <0 

mm 

X 

» 

40 

•» 

1 4 X* 

■ o 

U.  Ul 

40  ui  40  CD 

mm 

nxuiui 

mJ  Ul 

4 

O * 

X 

1 

4*1 

Ui 

* O x oc 

O o 

1 

X 

— X 

mm 

• 

X 

4 Ul  OC  U 

Ul  40 

X 

X o 

»• 

Ul 

m 

X 

(0 

X N * « 

H 10 

•4 

M 

■»  M 

M 

X 

O 

tm  m m mi 

« -J 

M 

o * 

* 

N 

« 

* 

~ CK 

mJ 

4 

Ul 

411 

o 

r» 

*»  4 

4 

X 

X 

X 

10 

4 

4 X 

X 

>4 

M 

* 

* 

mm 

ml 

O o 

X 

Ul 

Ul 

X 

4 

4*1 

•4  •• 

•4 

«• 

►- 

pm 

■ 

X 

o 

u. 

CL 

-J 

u> 

X 

to 

o 

X 

« 

40 

X 

4 

O 

X 

X 

X 

o 

44 

■ 

w 

X 

*• 

N 

•m 

1 

40 

40 

•4 

4 

U 

4 

X 

m* 

X 

to 

| 

• 

X B 

w 

o 

K 

■ 

♦ X H 

4 

4 

* X 

X 

4*1  B 

N 

to  o 

Ul 

o 

O 

— m 

X 

• 

• ►- 

u X 

CD  a 

O 

X 

4 

O 

o 

* ♦ 

♦ X 1 

X o 

X 

m mm 

• OX 

* 

X 

u 

* 

a 

X a 

4 

■4 

X 

u 

u 

* 

X 40 
4 — 

X 

X 

X 

u w 

-1  4 

to 

4 

N *> 
O 4 

4*1 

X 

8 

CM  «« 

u u 

X 

u 

X 

X 

o 

• u 

-4 

r 

ui  a 

#4 

0 

X 

X-  X • 

Ul 

10 

Ul 

M 

-1  -I  X 

* 

at 

% 

* 

• X * x 

N 

< 

X a 

#4 

X 

X 

4 

— • X 

X 

*■ 

X U.  CM  X 

X 

X X 

«■ 

X 

4" 

o 

X 

X 

« X O 0> 

X 

N U 

«x  a 

O 

u 

4 

N 

-J  0-  X 

0» 

•» 

** 

-O  4*1 

Ul 

4*1  Ul 

* 

1 

a * 

0 40  X 

■ 

K 

o 

4 

a 0U«4Q 

HUO.  I 8 U 

I N C X O 

n«<M  u,  or 


a » •*  X *•  * ml  x x x x • X 

<u«  i k u«  u*<  N ^ N < o 

v a o mm  • n otQcik  ► 

* «40  M 4 ft  Q 4 0 K 

n « tr  a ■ ut  r tv  4 in « j 


IU«  I f*  _J  «i 

i auxin-  to 

'Tciri*0  a*0 

IIL4N0U4C04 


I X K 


f 000 

• oooo«eo 

o o o o o o • o 

O 0000*00 

0 00*0000 

o g o • o c o u 


S SSSSSS8 

m *****  • t> 


* * o o o o * * 


0U04  00N00000000000V  10  10  * 10  * 

• oo o oo o o o o o o o o o o o o • ooooo 


0*00000000000000000  00004 

*000000000000000000  00004 

80000000000*0000000  00004 

000000000*40*000000  00004 


.00000*0000000  ooooo 

.000000400*0000  00*00 


110  0*4010*400440000  UOW0O 

*00004040000000  OOOOO 

lOOOOOOOOOOOOO  OOOOO 


sssssssss 


s:s:s::s: 

sssssss:: 


:s:!is::s 

S8S2SS&8S 


o o oo 
* o o o 
0*0* 


a 

A. 

Z 

z 

0 

a 

a 

z 

a 

► 

Z 

s 

S 

g 

0 

• 

z 

« 

z 

z 

0 

w 

z 

o 

OE 

0 

Z 

Ul 

• 

A 

< 

a 

*4 

a 

u 

a 

z 

0 

u 

a. 

u 

a 

■ 

M 

A. 

OE 

E 

♦ 

a 

a 

s 

Ul 

z 

« 

B 

A. 

u 

0. 

1 

OE  OB 

B 

0 

S 

•» 

0 

z 

z 

Z 

g 

N 

z 

u 

a 

« 

E 

• 

B 

Ul 

< g 

•» 

9 

z 

B 

z 

z 

Ul 

z 

Z 

Ul 

A 

44 

■ 

a 

a 

(A  A. 

OE 

-» 

z 

g z 

z 

<<g 

X 

z 

z 

0 

z 

z 

Z 

g z 

g 

z 

4* 

a 

1 

N 

e 

QE 

■ B 

■» 

s 

e 

a 

0 

O 

B 

s o 

A 

Ul 

U 

B B 

o a 

mm 

H 

o 

<■4 

z 

1 

03 

E 

uoo 

0» 

Of 

OE 

Of  S 

z z 

z 

z 

»» 

•4 

A 

z 

z 

s 

44 

A 

a 

a 

o 

Ul 

•4 

Ul 

A. 

•4 

OE 

u 

Z 

0 

g 

■ 

g 

A 

B 

1 

N 

S 

M 

g 

z 

1 

Of 

S 

w 

s 

M 

X 

1 

OE 

s 

•*  e 

•4 

Z 

•> 

0 

A 

o 

z ■ 

o a o 

Z 

A* 

Z 

0 

OU.O  A 

A 

a 

z 

■ 

a 

0 

(0 

• o 

Z 

< 

a B 

Z 

M 

B 

g 

M 

OE 

e 

Z *4 

a 

z •- 

z 

GO 

> 

a 

A 

A 

Z 

A 

A 

z 

z 

a 

44 

w 

a 

• 

a 

9 

u 

■ 

*•  a 

0 

• 

Z 

♦ 

z 

Z 1 

♦ 

< 

« 

a 

a 

z 

9 

s 

1 

♦ 

z 

» a m 

mm 

9 

B 

1 

H 

♦ 

mJ 

N S 

A. 

CD  a 

OE 

•J 

0 

O) 

•4 

OE 

4% 

z 

a 

Z 

«» 

z 

a 

a 

z 

mm 

A 

mm 

z 

- x N CD 

E 

A 

mm 

a z 

3 

a 

0 Ul 

0 a 

■ 

a 

< 

•4 

Ul 

0 » 

Z 

A A 

Ul 

♦ 

B 

A. 

■ 

9 

z 

A 

•4  UJ  • I 

■ 

A 

0 

9 

a 

a 

9 

e 

n o 
< g 

9 

e 

n a 
a a 

M 

to 

a 

» ■ 
* J 

« 

Z 

a 

a 

Of 

z 

o 

M 

a 

• 

S 

• 

•» 

OE 

Z 

z 

z 

■o 

a 

• 
Z a 

s 

a 

:s 

z 

z 

w 

z 

u. 

•A 

a 

mm 

« 

Z 

9 

a 

z 

a 

► 

B 

a 

•J 

Z Z fO  44 

B az  4 4 

*4 

a 

9 

Z 

a 

► 

S 

Z 

e 

N 

l*» 

a 

Z 

a 

a 

M 

M 

M 

M 

M 

M 

K 

w 

N 

M 

Of 

Of 

Of 

N 

o 

e 

• 

o 

z 

a 

a 

or 

OE 

Z 

OE 

z 

z 

z 

a a a 

a a 

a 

a 

a 

a a 

a 

a a 

a a a 

A 

A A A A A a 

A 

AAAAAAAa 

a a 

AAAAAAAAZAa 

A A 

z a z 

a z 

aaaaaaoa 

Z 

zzzzzz 

a 

aaazzaaa 

z z 

aaaooaaaaoa 

• a 

z a z 

• z 

Z 

a 

a 

z z 

a a 

• z z 

ADO 

a a 
a a 

bSSSS.S 

a 

a 

oaaaaaaaaoa 
aoDAcioeii  A«f» 

ss 

ZOO 

a a 

aaaaazaa 

a • o o a e 

• 

a a 

a a 

z e z 

a a 

a o a a zz  a a 

a a 44  o a a 

a 

a a 

a a 

z z z 

a • a 

a a 

a a 

aaaaoaau 

a 

a 

a 

a 

a a 

a a 

aaaaazzaaaa 

a a 
a * 

a a a 

a a 

aaaaaaa  o 

A 

ui  o uuug  u 

a 

g a 

A A 

ui  a a 

a a 

a 

a 

a a 

a oi 

a a a 

a a 

aaaaaaZe 

a 

a 

a a 

a a 

a M a 

a o 

aAaaacuaoi 

a 

a 

a a 

a a 

a a (u 

a a 

a 

a a u a a u a 

non 

a a 

a of  of 

a a 

a 

Of 

a m 

a a 

a a 04 

a a 

a 

44 

Of  n 

a a 

a a a 

a a 

z 

a 

a a 

u o 

a a a 

a a 

a 

a a a 

a a 

a a a 

a a 

a 

a 

a a 

a a 

! 

1 

I 

1 : 


4" 

<k'., 


sssss: 

sssssss: 

sssssss: 

oue«ooao9*ooooaooaeeo« 

auauaa 

OO  o © V 9 

• • © ••• 

sssssss: 

sssssss: 

sssssss: 

sssssss: 

oactaoaouueueoaaooouuttc 

■*aft»f»«ta»ona<>rroa«Aaa«<a 

oououaao«oueo&oo»o«o«c> 

•aaaaaaaaaaaatoaaaaaaa 

wouoaueo 
aeAaaaaa 
oouooooo 
aaa  oea  «<«4 

• « • o • n 

4 < » » V N 


is: 


V f O OU  IT  V < 

• S S SS  M • i 
SSSSSSS! 

sssssss! 


ssussssu  sssssss; 

« « W % W ««  * 


ssssssgssssssssszcs 

*»•»»»**•*»»*•:*<*•»* 

Sau«a««tuu«u«gu«u«i 


• »4auewik««tNMt»«N«»<ap 
OOOOtteOOlKUiUlUlUlUiUlUIUIUllilUIUI 


125 


OOOOOOUOOQOQOOOOOOOGOOOOOOOOOOOCtOBOOOeoOeOOOOOOOOOOOOeOOOOOQ 


oooooooooooooooooooooooooooooooooooooooeooooooooooooooxxxwoo 

ooooooooooooooooooooooooooooooooooooooooooeoeoooeooooooxoxoo 

WwVWbWbW  WOWUWWttOWUU  b W w w W W WWUWWUUUBWOUWbWW  W U W b W bWbbWbbWbbbbUW 
ObbbOebOCUbeObObOOOOOObOOOOOOOObOOOUGOOOeOObeOCODebOOObbOebb 

MMM*M*(i>l*'*M»’>*>’'»»’>«'>XXXXZXXXXXXXI*XinxlrtXXIft***«***X*XMtftbftKarftaa'ft.KXXXXXX 

bbbbbuOOOUObbOOOObeOBOOObObOObUObOUOUObUOBOOOOOObObBbOObOOOO 

NNMNNMNNNMftNNN«lMMNNMNNNNMNMNNNNNNMNNNNftNNNNNWNNNNMMNMNMMNM«l*l 


■ 

B 

a 

e 

a 

B 

o 

o 

a 

a 

a 

a 

a 

a 

to 

a 

a 

■ 

a 

•» 

►» 

*ft 

a 

a 

** 

mm 

a 

a 

z 

ft* 

► 

at 

a 

U 

a 

a 

ft* 

b a 

a 

a 

1 

ft J 

a 

•» 

a 

a 

a 

a 

•*  a 

a 

lb 

M 

9 

M a 

z 

c 

O 

♦ 

a 

a m 

*S 

•• 

a 

a b 

M O 

a 

a 

B 

a 

b a 

a 

a 

a 

w 

u 

a 

■ 

tO  ft* 

40  UI 

a 

a a 

o 

<*> 

a 

a a 

a 

a 

a 

♦ 

a 

a 

a 

a 

a 

a a 

a 

a 

a a 

a 

l 

Z 

a a 

a 

a a 

a 

a 

a 

a 

■ a 

m 

a 

a 

a ■ 

a 

a a 

a 

B 

a 

«4 

a ui 

a 

a a 

a 

M 

» a 

Z 

M 

B 

a 

♦ 

a > 

z 

ft* 

a 

■ft 

Z M 

a 

a 

a 

B 

V 

a a 

a a 

■ 

a 

a 

a 

a a 

u 

a 

a 

a 

B 

e 

a 

a — 

a 

u a 

Z 

s 

a 

a 

u 

(J 

a a 

a 

a 

a 

a 

a a 

a 

a a 

a 

a 

a 

a 

a 

a 

a a 

a 

a 

a a 

a* 

a 

a 

a 

X 

a 

<0  z 

9 

« 

a 

a 

M 

•*  • 

a 

a 

a 

a 

z 

Ui 

z 

tO  a 

< 

o 

a 

a 

a 

a 

% 

a a 

r 

o 

a 

c 

X 

* 

M 

N B 

■ 

o 

« 

B 

a 

a m 

- m N 


W H I 

a a 

x a i 

UI  a 

X X a 


I I 
« « 
a a 


« a ar  ui  ib a k 

W C OC  9 -ItfHUi 
<US<UC  NUB 

O JC  — QC  - b» 
! N » USX  — 


a 

a 

• 

Z 

a 

a 

a 

a 

■ 

o 

a 

• 

■ 

B 

a 

a 

• 

a 

a 

a 

a 

a 

a 

■ 

a 

a 

a 

a 

a 

a 

or 

■ 

a 

a 

a 

a 

a 

o 

a 

8 

a 

a 

a 

■ 

a 

a 

a 

a 

a 

a 

a 

a 

o 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

< 

a 

a 

a 

X 

a 

■ 

X 

u 

a 

a 

9 

a 

• 

a 

a 

a 

X 

a 

a 

♦ 

X 

a 

a 

mm 

a 

e 

-1 

a 

a 

a 

• 

o 

a 

X 

40 

a 

a 

a 

a 

X 

X 

o 

a 

a 

ax 

o 

a 

a 

a 

mm 

a 

mm 

X 

mm 

a 

X 

o 

X 

mJ 

> 

a 

a a 

X -1 

a 

X 

X 

o 

9 

9 

mm 

a 

40  M 

< 

a 

a 

• 

a 

4W 

Z 

o 

a 

X 

O 9 

a 

z 

X 

a 

a ui  O 

a 

X 

a 

a 

a 

a. 

a 

o 

• 

x a 

z 

a 

X 

Z 

X 

X 

a 

a 

a 

a 

a 

•ft 

a 

a a 

a 

X X 

x 

z 

a 

a 

o 

o 

e 

e 

a 

a a 

z 

9 

X 

X 

X 

X 

X 

•• 

x 

a 

IBM 

9 

n 

a 

a 

M 

a 

a 

ib 

«j 

-> 

a 

X 

4B 

X 

X 

X 

a 

a 

a 

M 

U O 

a 

■» 

M 

a 

X 

X 

X 

X 

X 

40 

a 

a 

a a 

9 

M 

a 

X 

a 

mm 

N 

•ft 

m 

o 

a 

B 

a 

a 

a 

a 

CM 

•« 

UI 

B 

4J 

o 

a 

a 

a 

a 

e 

< 

N 

X o 

a 

X 

e 

e 

e 

a 

B 

< 

a 

a 

e 

e 

mJ 

•j 

mJ 

-J 

a 

o 

x e 

e 

a 

X 

X 

X 

X 

a 

O 

X 

a • 

a 

e 

o 

X 

a 

X 

a. 

o 

a 

a 

z 

a 

X X 

z 

X 

X 

z 

X 

9 

a 

a 

X 

9 

a 

a 

•o 

a 

Z X 

e 

a 

a 

a 

a 

a 

x n 

X 

•» 

a O 

•» 

a 

a 

a 

a 

• 

M 

e 

a 

o 

M 

a 

M 

M 

a 

X 

a 

a 

a 

a 

a 

X 

M 

a 

a 

a a 

a 

a 

a 

u 

a 

a 

a 

a 

_ . J < M «b  M > 
SO.  < B <<U  J 


Z X 

» a lb 

e z 

< u -*■ 
O Z 

KBBb 

o • o 


UI  1118  blkG  <UI*UI  »B  * _ « — ^ 2 


Mm  Z lb  X < « m | 


B X S bO  Z Ik  UI  Z b i 


* a a b 


«4<bblk|0S8Nl 


b • a m «»: 


,au.u.»X—  «9i 


, «.  « — ~ r a «i  a a ■ a 


< a < « • * » a « » i x © x o a « 

x b a o «<u  a a m a ui  uaun»>««»*Beu( 
• mb  Ottoo  i m ui  o »>*  a a 

a < a oc  r oe  x _»  oc  x 40  «i  =■  a -i -J  x a moooc 

«*  < o eo  <•  <8  o<bukuzzji 

Uifllnl  u»u  JlkU*UIUO  JO  JBBBI 
C < UI  4 UI  b UJ  UI  IT 

X M © M Z H X M a a (b  M Iblb  Z « X lb  M u.  MM  * 

“a  o«»a»^<<M<«,*.»<*-a—<M<<  - « 


♦ N 


I 

z 

U l 


I 

z 

O I 


to  lb  U.  M I 


SSSSSSSSSHI 


ibibnikibibibuu.!kuibibibibibufuuu«kjk 

ouaaaaoeaeaeeaeaaaoaaaa 


s ::  :: 


ssssssssssss::ss::s:s:s 

sssss 

8 

X* 

s: 

85 

OOOOOOXgOXXtl 

ssssssssssssssxssszssz: 

8*555 

S 

:: 

58 

88 

aaaaiuuiui  no  oaa  a m a a a a a a m o a a a a a m ui  a o a « ui  u.  uwobb 
aaaaaaaaaaoi 


a a o o « a a a u.  u.  o o uaaoauuuooaui 

a a a a a a a a a cb  a a a « a a a a a m a a a a < 


X X 
88 

88 
X X 

O X O X X X XXX  XX  X 

k a ft  u a n • m ft  ft  ft  # 

:: 

8* 

X 

X 

a 

X 

5 

a 

X 

» a • x a x o o ui  tb  o a w«  f 


*.  © x a x o o imx  o a m **»  © x a a x aaawo 
■Oaaoooaooooajjuububbj  aaaaa 


a a «m  m 

a N MM  MB 


1 


! 

! 


i 


126 


ooeooooeooabooooeattoo 

oooooooeooooooooeoooo 

ooeoeee«eo«oo»ooeoe«0 

U0bWUWBbUUWVtWU(*0WWWWW 

CbOUeOUOOUOOOOObObOBO 

«Ka«t0«4M*)V00N0»O««NnV«« 

bBOWOOWBeOBBOOMWMMMM^ 

nnnnmnnnnmnmnnnnnnnnm 


oCfOoooooeQeeoooooeoeoeoeoeoooeeeooei 


::::::: 


MVNNNMMNMNNNMKlMNNNMNNMM 


iiiiiil 


u 

• H Ik 
« «*  «• 


s 

s 


iiiiiiiiiliiiiii 

s:r::sss:ss:::ss 


•00OVUOVO00O0O0V 

uk»005«O0»0«»0»0 


• uouiwt<*Nnvp«K«»< 


127 


o <»  •- 

> o 

«»u 

© 

ASM 

**  < ■• 

*s 

9 

m r\  « o 

• < 

X Hi 

m 

a.  e 

ui 

Ui  X 

oil) 

UI 

X 

MOW 

cr» 

oe  or  w m 

a.  w 

c 

in 

o *-  x 

<A 

Ml 

w o X 

3 

0 

(A 

w «%  u* 

UI 

w 

UI 

•M  A.  « « 

N 

*«* 

ui 

z « 

<uu 

0. 

a 

in 

^A.  9 

«c  **  ■- 

X 

A» 

M 

• o a. 

«a  a 

< « 

« w «■ 

a.  — 

e u 

M W 

*-> 

m 

a. 

X9 

u.  < 

X 

** 

e o «• 

w 

w * 

s 

at 

u* 

• a.  ~ 

y* 

o 

W “» 

•w  w 

a. 

u 

z z «o 

“■ 

u* 

• 

Ml  X 4 

X 

a 

♦ 

M 

«* 

x <*a  w 

< 

♦ X 

A. 

A A <*- 

m 

» X 

mm 

at  (o  ui 

UI 

< 

X 

m a 

X 

a.  in 

m4  *% 

< w 

S 

■ ■ 

9 

— m 

• 

•b 

a. 

w 

O III  CO 

ID 

A. 

A I O K 

O ♦ X 

w X 

? 

AC  9 

mm 

•» 

X 

III  « UI 

III 

< 

X X -1 

TC 

■ 900. 

* < w 

< 

m r>  o 

■» 

a « 

ooooooooooooooooooeoaooooQooooooooooooooooooc 

oaooooooooooooooooooooooooooooooooeoooooooooi 

oeeoeoooooeooooooooooooeoeoooooooooooooooooo< 

wwwwwwuwwwowwwewwotfwwbwuuwwwwwuwwwwwoouwueout 

oobooooobooeeoeoubouoouooooooueobooeoo&owooei 

<«N«ro«4Mo»in«Nc».o«4Niovir«Nc»<e«MovinviNc»<OMNnvv)«N«^< 

MNNMNNNNNMNNNNNNNNNMNNMNNNMNNNNNNNNNMNNNMNNM 


>o  wotf  «( 
1000004 
lonvmoi 


:ss: 

IV  oo 

t o o o 


a 

a 

a 

a 

a 

a 

a 

a 

a 

0 

a 

a 

a 

0 

a *■» 

a 

a 

Ul  0 

a 8 

a 

a 

Z Ul 

a w 

a 

a 

O 9 

o 

a a 

a 

a 

o 

9 o 

mi 

a 

a 

a 

0 Ul 

Ul  Ul 

* 

4* 

a * 

o 

a 

a 

«* 

* 0 

8 

a o 

N 

a 

a 

* 

* 9 

9 

* 

0 

a 

4% 

* 

a 

a 

s o 

9 O 

Ul 

1 

0 

a 0 

0 

s 

a 

a 

9 0 

0 

u. 

o 

a o 

0 

9 

a 

a 

O 0 

O K 

* 

N 

* 

a O O 

0 

■» 

a 

a 

0 Ul 

9 

8 

9 

a mi  8 

a 

O N 

8 

a u • 

* 

O 

a 

0 

8 

O Ul 

9 

«• 

9 

*•  0 

M 

z 

a 

9 

Ul 

Ul  0 

Ul  0 

0 

OO 

O 

* * 

8 

a 

O Ui 

a 

oe  0 

0 

Z 

N 

• 

9 

8 

8 

— o 

Ul 

8 

** 

Z 

* e 

8 

N 

mm 

0 

0 

9 

■» 

w 

a 

9 * 

* 9 

* 

9 

0 

Ul 

z a 

* 

8 TO 

* 

9 

8 O 

O 

O ♦ • * 

Z O 

O 8 

8 

Z • 

8 

O 

0 

0 0 0 © 

0 

9 O 

Cl 

O 

o o 

ft 

a 

ft 

9 9 

s 

■» 

8 

z 

0 

0 0 0 

9 

*>  8 

•J 

9 

ft  O Z Ul 

Ul 

Z O 

0 

Ul 

“>  O 

m 

9 

4* 

0 

z 

*-  9 

w 

o 

e 

e 

* 

— a 

Z 

8 Ul 

O 

0 

o 

0 

* 

Ul 

* e ui  o 

9 

mi  * 

a 

a 

O 

9 

mi 

-I 

O 8 

* 

8 

A. 

* 

z 

• 0 0 O 

♦ 

8 Z 

Ul 

UJ  -J 

0 

0 

Z 

* 

S 

0 

9 

— * 

Ul 

0 8 8 PA 

0 

Z 9 

0 

ft  M ft  0.  O 

ft 

e * 

0 

8 a. 

mm 

9 0 8 — 

9 

" O.  rni  N O 

0 

9 “I 

Ul 

UJ 

Ul 

UJ 

9 

e * 

Ul 

•j  t 

Ul 

z 

z 

9 

-> 

W 

N 

0 8 

o 

o 

9 Z 9 9 w 

N 

0-  N 

z 

9 

a 

pm 

O 8 

9 

* 8 

0 

Ul  9 

to 

N 

to 

IO 

AM 

♦ 

to 

0 FO 

Ul 

o 

* 

o 

Ul 

U.  Z 

Z 

ft  N 

0S 

n 

«* 

K O 8 

0 •* 

o 

0 z — z o 

8 

•—  8 

O «J  * *1  0 O 0 

*■ 

Ul  O 

z 

O 0 

Ul 

W 

0 

0 0 

9 

0 

0 0 0 0 0 

O 0 

0 

0 

8 

0 

0 

0 0 

9 

> 0 

Ul 

w 

8 

O 

a 

J O 

Z 

N 

o 

X 

o 

0 

z 

Ul  mi 

* 

o 

mi 

0 

0 

■a 

z 

O 

* 

Z 

0 

* 0 

9 

z 

0 

z 

0 

9 

0 

Ul 

III  Ul 

-> 

9 

o 

e 

9 

0 

“1 

u 

to 

u 0 

o 

o 

*1 

mi 

•* 

0 a 

9 

9 

8 

9 

«•  mi 

* 

*m 

9 8 

* 

9 

Ul 

Z 

N 

U 

mm 

e 

o 

* 

0 

a 

■ 

a 

0 0 

a 

O M 

a 

•m 

Ul 

a* 

a 

a 

rg 

a 

9 

a 

0 9 0 

a 

0 

0 

ft 

0 

a 

a 

Z 

a 

0 

a 

z z 

a 

— 0 

0 

a 

9 

8 

o 

Ul 

a 

a* 

ft  K 
S KUO 
WOli 

sous 

0 Z N N 
N 0 0 
• W ««  I I 
0 i ««i 
-I  -J  X 0 X 
00039 
UlliOO  *) 


0 n 0 0 
O U4<  • I 

(0  I ■»  «4L 

.j  _i  0 x z 0 z 
o<oo  a 9a 

Ul  I kt> 

*«lblLlfc«<33 


M»  «4ZnC  a K JZ  N NS 

S k a » iw  a ■ v>  n *-  a»  89 

OOKK  o*«  a oa»  — < •) 

«o  • • a « OO  J S « 

N«tnoa»ia  on  «o  • o 

4 a > < a < C « K<KK«KO<4K  < 

N 8 0 N N 9 ■ 808  8 8X889  M 

JO  ♦KSO^  a CKOS  a 04  a oo«( 

N 0-  III  a ^ 8 N I Ul  U I UN  ♦ 

«ni"nzn9  ■ nn  o z o m oom 


no  «<  e o 

k w i a j 

0 NO. 

n nx  o 0 


I O O.  ->  8 S 

I C 0 
* o a co  0 ik 


:ts  s§ 
sss  ss 


ooo  Ul 


I N 0 0 8 


ibibt  or  o oooik  ov  BKOHtOoK  ik  iu  < w iu  «nuk  n ik  la  ik  ik  n o 

OO000  0000000  0000O0O  OU0OOOOOO0O  0000 

•000O  9009099  9009099  09099099099  9900 

90090  0000000  0009000  *40000090009  0000 


28282  282882 
28828  SSS8S8 


9909099 

0009000 

0999090 

0009009 


0 0 0 9 9 

9 9 9 0 9 

* 9 9 0 0 
0 0 0 0 9 

N N N N N 


1900009 

IJOOOOO 


888SS82S8E2  8288 

00909989900  9009 

000000***90  00*0 

90*90909900  00*9 

00009999990  9090 

98089009099  9000 


*90009*0090  80000*90 

00000000000  0*00*008 

00000000000  00**000* 


IF  LC1  THEN  SET  LCtIJUHP  ELSE  JUMP  HtHtH 

SJUI1P  IF  A*C  A NO  NS  STERFLON  OR  A»l  AND  OVERFISH  ZM30C00 

f *■«*■*  JUMP  ON  CO  EQUAL/UNEQUAL/L INI  TO  ••••  tMROCOO 

0PR53X1*  SB*  A-FILEDl  AJ.JUNP  ADDRESS  Z2COOOO 


oQooeeeoeeoeeoooeQefiooeooeefioooeeeeoeeoooeoeBQseeoeeeaooAOOo 


x ^ • 
< < < 


• oeooeoeeooooeoeoooeoopoeeeoo«fooo»eofrttco»eoc»ooeotfett 
ooooooooooooooooeooooooooooeoooxoeoxoxooeoooooooaxox 


wowouwWbwWwuwwwwuouoeutfbbguwBwwwuwuwwuvwPwwwwuuwowww 

eobgboogoooooooouoBbogoeoooopoPoopooppgpoeeggeegpppp 


KKKKKKKKKKpPP««P«PP«PPPPPPPPPPPP*POPP*PP««««««M(<M«««(«(««|ltM 

NggNNftNMyNNMNNftNMNgMftMMioMMMONNnnnnnnnnnnnnnMnnnnnAnn 

NMMMNNNNMNNNMNftPftNMNMMNNNMNMNMMNftNMfIMMNMMMMNNMftMMMNM 


SS* 


Ik 

X 

So 


X PC 
W Ik 
X ■ 


UI 

o 

UI 

■ <a 

a. 

V* 

• 

X 

a 

X 

«a 

X 

mi 

■ <p 

X 

< 

«• 

o x 

•• 

X 

mi 

N 

a P 

a- 

a 

M 

X X 

♦ 

X 

• 

SO 

Ik 

X X 

CM 

n 

X 

ss 

< "• 

*m 

X 

a 

X 

a 

mi 

«■  < 

on 

o 

K 

X 

«a 

o 

X 

X 

X 

A 

► 

X 

A 

X 

m 

► X 

a 

rn* 

PC 

UI 

UI 

a» 

• 

X 

m 

P 

X 

X 

X 

X K* 

X 

* 

N X 

• 

P» 

< 

o 

p 

X 

x •* 

a» 

a 

X 

< 

X 

X 

UF  X 

X 

X o 

< 

e 

*■ 

flu 

X 

UI 

w O 

X 

x -a 

X 

a» 

X 

A 

1 X 

X 

* 

n a 

so 

w 

mi 

X 

X 

X 

* 

X 

X mi 

X 

e 

X 

P 

X 

► X 

• 

< 

x < 

o 

X 

O 

mm 

< 

mJ 

o ui 

X 

x x 

X 

X 

X 

X 

X 

♦ X 

K 

X 

X 

X 

X 

so 

X 

kO- 
X < Ik 

X 

U X 

X 

X 

X 

< 

< 

< a 

X 

X 

u 

x x 

X 

X 

X 

u 

UI 

X 

UI 

X 

X 

►»  X 

X 

mm 

X 

X 

U X 

x e 

X 

N S 

a 

1 

< 

K» 

e 

• 

X 

X 

a • 

A 

M S» 

X 

u 

X 

V 

X R 

a x k. 

e 

< a 

X 

< 

mm  A 

» 

• 

X 

P 

X 

X 

X 

X 

o 

o 

*>KP 

X 

• ■< 

1 

a 

U ■ 

a 

u 

• 

UI 

m 

X o 

X 

M 

so 

X 

i 

< 

• or 

so 

o a 

o 

o a 

mJ 

< 

« 

mi  X 

X 

a. 

< 

M 

Pt 

x a •* 

p 

p a 

X 

X 

A 

< 

mm 

X 

u. 

U o mm 

K 

• 

X to 

< 

a 

< 

u 

M 

• 

X 

x < 

< 

x < 

u 

X 

u 

(A 

< 

X 

X X 

X 

< < 

X 

X 

x < 

a 

X 

X 

X mi 

X 

x 

Pt 

PR 

x 

a x x 

X 

X X 

X 

X 

-1 

X 

X 

X 

X X 

X X 

m 

X 

X X 

X 

X 

X 

X X 

X 

t m o 
» u 

4. 


u a 
•4  ui 
<* 


»C  N K 

■ < «4M I UI 

<n  > ■ 

SU4< 


I ••  A M ui 


: at  x 


• »«u 

z z 4 r 


& UI 

X • I 


• p «• 
u I 

< j i 4 

■ UWU  • XX 
u ■ < US 

i ig  aust-i 


> J — u • 


so  - or  » 

UU»K  I 

■ J U 111 
X m*  * R XI 


: x i u j>*co  *x  •*  x owuu 

>•>««  «X  UK  C U UK  < • X «• 

i uiu  ju  e«  n < ou  •>!  < 

UX9K  aKUKXUK  aKKU  ucuu 
iuuciuiIm  a «<k<  x oc  a — 

I «J  R-  •-  -J  X*  - X X X X »X4  a o ♦ n »x 


UUIUKP  ■ 

>■«-  <x  a 


WOOS 

mi  -I  A -> 


a«iioibS  U.U.U.S 


UUUlkUPUUKK  UWU.UIU.UUUUUIkVUUKUUUUuUUUUNUUIkUUU  IkUIUUIliWUUUUUVK 

••••••••oo  • o • ® © © • © o © e © ® o • o • © • © o o © ® o e o e o o o e o x o • e o e o • o e • 


IKKKOO  UCfcOriOOCOK&OKKOOOCCUiUCCeCOObOC 

ivAKKKKKfie  nnnaBKueAaKftaKKU^BuaaiBKenaaunb 


lauaaaaooo  KecoouuKooeooooocuooeauuofoooo 
ppppppopppoppppoppppeuepoppupp 


PPPBPPPPPPOOP 

aaaaaaaaaaaaa 

oopoooupoupoo 

POPPPPPPPPPPP 


^poa  kopi 


voauocovKoaoopooPoavoeopovauoe 

uoupoppuupupoepppeuupppupuuppo 

•PKPPKPPPPKPPUPKPPPPPPPPPPPPPP 


s:::::ssss:s: 

•pppkpppppppi 


•avouaa 
IPPMPPPP 
»<PPP 


apaoaaaaaaapuapNa<iaaaPPPO< 

PPPPUPUPPUI * 


SSSSSS8SSSSS! 


PP<PPP<P<<  pppppuppppikppppppppapSvspspppv  ppppppupppp<i 

PPPPPPPVPW  PP<PN<<PPPNPUPPP<<PPP<P<PPPPNPP  PP<PK<<PPPNP< 


I<PP<KPP<P 


UOWIIPUN<PP<KPP<PUOPIIPUPPPP<KPP<  PUOWUP<N<PP<I 

<<<<PPPPPPPPPPPPPPOPPOOUUUUUUUU  UUUOUOOOPOOOI 

KKKKKKKKKKKKKNKKKKKr"""---"*--^  “ ~ “ ^ * * “ “ ‘ * 


•KKKKKKKKK  N I 


Hill 

SCALE  FACTS*  

»»• 


LMMIIUUI 


ioooooooooooooooooqqoooooooooqooooqoooooooooooc 

ooooooooooeoeooeoeoooeoeeooooeeeooooeeeeeoooo 

oxoxoooexooooooooooooeoooooooooooooxooooooooo 

WW*UUV«WUbWWWWUWUOUWUSOUWUOWQUUWWWWWWOUOWOWOtt 

OOOObOOOOOObOOOUOttOOUCClbbbbOOWbOeOOOQOOOBOUUb 

vN\«K*f>o«*Nnvirt«N««o««Mn«r«K«t>o«<Nnvin«K«»o«4Nn»iit«N« 

nnn  nnnnnnn  n,«  «nnnn«rtnnn«nnwnnn«nnn«rt««««ior)nnn« 

nnnnmni«nmnnnnmnnnnnnmnnnnnmnnnnnnnnmnnnnnnnmn 


a 

s 

ft 

X 

a 

ft 

♦ 

X 

X 

a 

X 

X 

• 

X 

X X 

X 

ft 

ft  o 

ft  ft 

— X 

ft 

ft  ft 

X ft 

> Ci 

X 

o 

UI 

ft 

ft  X 

9 

ml 

ft  X X 

X 

ft 

o — 

ft 

X 

e ft  x 

ft  A 

X 

N ft 

♦ 

ft  ml 

• 

ft 

X X 

ft 

ft 

UI 

ft  x ft 

X 

ft 

ft  X 

X 

> 

X X 

at  a 

X ox 

K 

UI 

ft 

X ft 

9 X 

X 

ft  X * 

ft  ft 

o 

X . 

ft  ft  o 

ft  ft 

ft 

CD 

K UI  ft 

♦ 

ft 

X « XX 

ft 

g ft 

X ft 

X 

o ft 

ft 

9 X 

UI  ft 

ft 

ft  9 

X 

ft 

X 

X — ft 

X 

g ft 

— o 

X 

ft  • or  ft 

ft  V 

X 

X 

ft  > ft 

4- 

X 

• s 

*• 

ft 

X ft  ft  ft 

CM 

ft 

Cl 

ft  X 

X 

UI 

ft  ft 

X -1 

e ft  co  x 

ft  ft 

ft 

o 

CO  O UI 

ft 

ft 

X ft 

ft  X 

ml 

X XX 

ft 

ft 

ft 

CO  ft 

c 

X 

ft 

V ft 

ft  ft 

ft  ft  _ 

X ft 

CM  ♦ ft 

ft  1 

X ft  ft 

w 

X 

* 

■*  ® 

9 -1 

9 

9 S ft  ft 

e 4 

X 

0 0 9 

ft 

UI 

UI 

O ft 

X 9 

X 

X > X X 

ft  ft 

UI  O > 

X X 

O S O 

* 

X 

X 

ft  ft 

■ r 

ft 

ft  X X X 

CD  ft 

» ft  X 

> > 

ft  M H 

O 

ft 

U»  N 

X N 

9 

9 O X © 

X ♦ 

ft  x e 

ft  ft 

1 K>  CM 

o 

ft 

cd 

X X 

ft  o 

e 

ouax 

X ft 

cd  a u 

CD  CD 

ft  ft  ft 

« 

-1 

X 

X X 

X X 

M 

xxxx 

m ft 

ft  ft  W 

X X 

XXX 

ft 

ft 

9 X 9 

• O O XX 

o u o cd  ft 


0 ♦ 

ft  or 

1 ft 


a c n 4 i 
x ■ co  ; 


ft  » » ui  - 
3 D f(  X l 
KOI 


4 4 »8  O 

C 4U 

x * co  o.  x or 

Ml  X C UI  O 


: ft  4 ■ • X N 
I CD  ft  X 

ft  » Q 9 ft  ft  I 


I ■ MW4N4  JIUI 
> r>  9 X — " ft  X c 


ft  « O *0  CM 

4 X 40  4 

•*  x o 

Ox  M u.  xxxx 

J U X — UI  UI  u 

UI  X ft  ft  X U.  X A. 

<■  U X 4 »-«*-  U« 

U.  ■ XX  ft  MX 

I ft  X U4U4B 

41X0  « 0X014 

a X 4 x X XXKUIX 

«4C  4 Um  « OM 

•>  4.  I »X  NXK)X»C  < 
U4W  J I 4U4UIDI 
94ftNftNXN  Z "M 


lliXX 

-UIUK 


o xxxxxxxx  xxxxxxxxxxxxxoxe  xoooxxocixxoooxooxxoooo 

SUUUIkbhlkV  4AAlklkU4bUlilkUU>UU*  «UUUIIkliUUIh4lblbUlkUUIIklkUlk«Blk 

••••••••  • • x x x o o • x o • • • o o • o • o e x • x x e oo e x o o o o e x o o x 

X •«*••»•••  UCOODbOO«COO«40DO  OOOOOClOClOOOOvlOOOClOMOO# 

• •oooeooo  • o x o x • x • • x o o • o • x o u u x • o o e u x x x o o w o o o x e o © 

x xxxxSxxr*  X X X X X X A X X X X X X © X X X X X X X X X X X X X X X X X X X X X X X X 

SBOODOUOO  ooooouooeoooxooo  X X X • X o O X U X O X o x X X • X e X o © 

XXXXXXXX  X X X X ft X X X X X X X X x X X X X X X X ft X ft X XX X X X X X X X X X X ft 

X ftXXXXXMX  X X X XX  X XX  X X X X X X x X X X X X X X X X X XX  X X X X X X X X X X «« 

X XXXXXXXX  X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 

X OXU.U.XXOX  X X X o « X O X X X U.  U.  X X X X X X U.  X X X X X X X X X X Ik  Ik  X X X o X X X 

X XXXMXXXX  X UJ  ft  A A X X CM  X ft  A CM  X X O O X X ft  X < X UI  X O X O X X X ft  X « X X X X o 

X XXXXXXXX  X X X X X X X X X X X X X X X X X X X X X X X X X XX X X X X X X X X X X X 

X XXXXXXXX  ft X X X X X X X X X X X X O X 4 ft X X ft X X X X X XX X X X X ft X X X X « X 

8 XXXXXXXX  ft  X X x X X X X X X X X X X X ft  ft  X X X X X X X X X X X X X X X X X X X ft  x 

XXXXXXXX  MXXXXXftXXXXXXXXM  ftXXXXXXXXWX  X*X  XXXXXXXMX 

X X O UI  Ifc  X ««  ft  *>  X X X ft  X X X X X O X X x X ft  ft  X X X ft  X X X X X OX  X X X ft  ft  X X X ft  X x 

a OOOOUIUIUIUI  UIUIUIUIUIUIUIUIUIUIUIUIILIUIUI  IfcltlktkiklklklkXlfcXIkXXXXXXXXXX 

ft  ftftftftft^ftft  ftftftftftftftftftftftftftftftft  ftftftftftftftftftftftftXXXXXXXXXX 

x ©xxxoxxx  © X O X X X © X X X X © X X X © X X X X X X X X X XX X X X X X X X X X X X 


in  e 

a 

a 

a 

X 

a a 

a 

a a 

e 

a 

a 

<•* 

a 

♦ 

a 

a a 

a 

X 

a a 

a 

a 

o 

• 

a 

a 

a 

a 

a 

X 

a 

a 

a 

MT  < 

a 

0 

a 

o 

a 

a 

a 

a 

a 

a a 

a 

M 

a 

a 

o 

•*  a 

Ul 

a 

a 

a 

a 

cr 

a x 

a 

a 

a 

• 

a 

X 

a 

♦ a 

« 

• 

a 

a 

a 

a 

a 

a 

a a 

N 

U> 

o 

a 

a 

or 

M 

Ul 

a 

^ o 

a 

X 

a 

a 

a 

a 

«■ 

a 

a a 

a 

mJ 

z oe 

a 

a 

a 

a 

a 

• 

** 

a a 

a 

~ o 

a 

a 

a 

♦ 

a 

a 

a 

a a a 

a 

a a 

« o 

a 

a 

9 

a 

• 

a 

a 

a a 

a 

a a 

A 

a 

♦ 

a 

a 

a 

a 

a 

a a 

a 

a 

a 

w 

0 

0 

a 

■a 

a 

a 

a 

a 

a 

a 

a 

«A 

o 

ac  a 

a 

a a 

a 

a a 

a 

a 

a 

m 

• 

X 

-1 

a 

a a 

a ■ 

a 

a 

a 

a 

a 

a 

a x a 

a 

a x a 

a a 

a w 

a 

a 

0 

o 

U Ul 

Ul  Ul 

o 

a 

a 

> 

H 

a 

a 

a 

M 

a 

X X 

a 

9 

x 

♦ 9 

» a 

a 

a 

a 

o 

or 

a 

Ul 

a 

a a 

a 

• a 

■ 

a 

X 

a 

a 

■ 

a 

X 

M 

a *n  D 

N 

a •>  9 

a a 

X a 

a 

N 

0 

o 

a 

a 

X 

a 

X 

Ml 

n a 

fO 

a 

o 

a 

N 

IO 

N 

a 

a 

a •»  “> 

m 

a 

w Q a 

O ■* 

N 

to 

a 

a 

o x 

a 

u 

x 

Ul  Ul 

a 

a s 

a 

a 

-J 

o 

X 

a 

a 

a 

a 

a 

JN  • 

a 

a n 

•» 

a a a 

u a 

a 

m a 

a 

a 

0 

-i  » 

« 

a 

a a 

a 

a 

M H 

a 

a 

a 

a 

**  a 

a 

a a m 

M 

a a 

N 

a w 

k at  u 

a 

a a 

oc 

“* 

m 

tiitsiisi 

IkUUUUUUV 

••••••ex 

SSSStSfc&S 

S8*SS&»*&S$S 

000O0000O 

• • e 
0 a 0 

• • 0 
0 0 0 

•••••••• 

00000000 

ssssxssss 

s::z::sts:ss 

SSSSSSSSS 

o o o 
0 0 0 

••uoo»ue 

•••«•••• 

:s::::s:8 

::s:::s:::s: 

ssssssss: 

0 0 0 
• 00 

0 0 0 

uuuvvuuuuuuuuuutfvwuguuuuuuuuuuuuuuu 

000000000000000000000000000000000000 

oe«ooBo»ooeobooeoeoeooee»oceo»obooeo 
• r»anon*annnaoeonnn(too*eeoaanao«enfect 
pgoBBoeooeeoeoeeoobeooboeeogoooeooeo 
oooooooooeoooooooooooooooooooooooooo 


uuuuuuuuuuuuuuuuuuuu 

000000*0000000000000 

oooooooooooooooooooo 

oooooooooonooooooono 

oooooooooooooooooooo 

oooooooooooooooooooo 


»OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOI 


00000000004 


tooooooooooooooooooooo 


o u • luw  < a 


•(■naaonnwu 


uiuaa«KDOO< 
«4««00  00«4«4«4U 


NNNNNNNKK 


00000000000000000004 


ieeooanaeoeeiiin«4«OBaN 

i«4«4<4KNNN«4«4«<«4aaaiA««nnn 


uioua4»«N'iintnN««ouuiouo<»«N«iAvniN«okuiQoa 

000>000000»0ft0*00000000000000000*»*»*»r**» 

OOOOOOOOOOOVOOOOOOOOOOOOOOOOOOOOOWWO 

eoooeooooooooooooooooooooooooooooooo 


ssssssssssssssssisss 


136 


•sssjssssssssrsssHs 

:::::::::::::::::::: 


8SS8S 


aw* 


r 


A 


APPENDIX  C.  LOADER  PROGRAM  LISTING 


This  appendix  provides  a copy  of  the  Microt ransl ator 
output  listing  of  the  Loader  written  in  conjunction  with  the 
Emulator.  Its  source  is  maintained  on  disk  and  cards;  and 
its  object  module  is  maintained  on  disk.  The  Loader  actual** 
lv  consists  of  three  separate  programs  which  provide  assem- 
bly. debugging  and  IOC  functions  to  the  Emulator.  It  is  a 
by-product  of  the  Emulation,  and  it  was  used  for  implementa- 
tion and  testing  of  the  Emulator.  Its  functions  should  be 
incorporated  in  the  Emulator  Program  in  the  course  of  expan- 
sion to  a full  emulation. 
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AN/UYK-7  EMULATION  DEMONSTRATION  PROGRAM 
THIS  IS  A TEST  OF  THE  AN/UYK-7  EMULATION 
USING  A MACHINE  LANGUAGE  PROGRAM 
FOR  A DEMONSTRATION  SORT  ROUTINE  USING 
THE  FOLLOWING  INPUT  NUMBERS: 

THE  RESULTS  OF  THIS  SORT 
ARE  AS  FOLLOWS: 
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END 


TERMINATE  SORT  ROUTINE,  READY  FOR  NEXT  PROGRAM 


n 


This  appendix  provides  a copy  of  the  output  received 

j 

from  the  Loader  when  the  sample  program  discussed  in  Appen- 


dix  D is  run.  This  output  is  obtained  by  turning  on  the  IRQ 
' switch  on  the  Loader's  Interpreter.  The  output  serves  as  a 

hard  copy  program  listing  for  the  programmer  and  can  be 
utilized  for  debugging.  The  address  to  the  left  of  each  in- 


struction is  the  octal  assignment  for  that  instruction# 
derived  from  the  last  "0"  or  "L"  card#  and  was  offset  by 
1024.  The  Loader  inout  is  terminated  by  an  MN"  card  which 
initializes  the  PAR  and  signals  the  Emulator  to  commence  ex- 
ecution. 


I 


1 A 


ENO  TERMINATE  SORT  ROUTINE#  REAOT  FOR  TEXT  FROORAH 


APPENDIX  F.  SAMPLE  DEBUGGER  OUTPUT  LISTING 


This  appendix  provides  a sample  of  the  output  received 
from  the  Loader  when.it  was  used  as  a debugger  for  the  sam- 
ple program  discussed  in  Appendix  D.  This  output  is  ob- 
tained by  turning  on  the  IRQ  switch  on  the  Emulator's  Inter- 
preter. The  switch  was  not  left  set  for  the  entire 
program's  execution  because  the  output  requires  approximate- 
ly thirty  pages.  The  IRQ  switch  causes  all  CMR  registers 
f rom  address  0000  to  0035  to  be  printed  as  each  instruction 
is  executed.  Each  time  and  instruction  does  a Y-Operand 
write  that  address  is  also  dumped..  The  addresses  are  print- 
ed in  the  leftmost  column  and  include  the  following  informa- 
tion which  can  be  used  during  program  debugging: 


OCTAL  DESCRIPTION 

ADDRESS 


0-7 

10 

11-17 

20-27 

30 

31 

32 

33 

3a 

35 


Task  A-Register  contents 
Unused  (always  - 0) 

Task  Index  B-Register  contents 
Task  Base  S-Register  contents 
Repeat  Instruction  (if  applicable) 
Current  Instruction  being 

Repeated  (if  applicable) 

Current  Indirect  Control 
Word  (if  applicable) 

Y-Operand  for  Indirection 
(if  applicable) 

ICN  address  in  memory  (if  applicable) 
Program  Address  Register 


Those  addresses  marked  "if  applicable"  would  normally 


be  zero*  but  could  contain  data  if  either  the  Repeat  mode  or 


Indirection  mode  had  been  used  previously  in  the  program 


The  lower  20  bits  of  address  0035  (PAR)  point  to  the  octal 
address  of  the  next  instruction.  The  upper  12  bits  of  the 
PAR  are  those  ASR  bits  which  were  implemented  as  discussed 
in  Section  C of  Chapter  V.  It  is  noteworthy  that  the  output 
is  an  eleven  bit  octal  representation  of  a 32-bit  binary 
word*  thus  the  leftmost  octal  digit  represents  only  two 
bits. 

By  utilizing  this  optional  listing  in  combination  with 
the  Loader  listing,  .the  programmer  should  be  capable  of 
proceeding  through  his  program  step  by  step.  This  facility 
proved  an  invaluable  aid  in  troubleshooting  the  Emulator  as 
each  new  instruction  was  written  and  tested. 
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GLOSSARY 


Active  Status  Register  (ASR):  A special  word  in  the  AN/UYK-7 
used  to  indicate  the  status  of  special  conditions  or 
inodes  of  operation.  Each  bit  of  the  word  has  a 
separate  meaning  to  the  central  processor. 


A00:  The  Burrough's  Advanced  Design  Organization#  Paoli# 
Pennsylvania#  which  designed  the  Naval  Postgraduate 
School's  D-Machine. 


A Registers  (Al#  A 2#  A3):  Each  of  the  three  A registers  is 
functionally  identical.  The  A registers  are  used  for 
temporary  data  storage  within  the  Logic  Unit  of  the  In- 
terpreter and  serve  as  a primary  input  to  the  adder. 


Adder:  The  adder  in  the  Logic  Unit  of  the  Interpreter#  is  a 
modified  version  of  a straightforward  carry  lookahead 
adder.  It  is  also  used  for  executing  logic  operations. 


Alternate  Microprogram  Count  Register  (AMPCR):  The  AMPCR  is 
a 18-bit  register  in  the  Memory  Control  Unit  of  the  In- 
terpreter# which  contains  the  jump  or  return  address 
for  program  jumps  and  subroutine  returns  within  a mi- 
c roorogram . 


AMPCR:  Alternate  Microprogram  Count  Register. 


Arithmetic  CA)  Registers:  There  are  two  sets  of  eight  Arith- 
metic Registers  in  the  AN/UYK-7.  They  are  used  exten- 
sively in  arithmetic  calculations  and  are  directly  ad- 
dressable by  the  programmer. 


ASR:  The  Active  Status  Word  in  the  AN/UYK-7. 


B Register:  The  B reqister  is  the  primary  interface  between 
the  Logic  Unit  of  the  Interpreter  and  the  Data/Program 
Memory  or  Devices  through  the  Switch  Interlock.  It 
also  serves  as  a secondary  input  to  the  adder. 
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Barrel  Switch:  The  barrel  switch  is  a matrix  of  gates  in  the 
Logic  Unit  of  the  Interpreter*  used  to  shift  a parallel 
data  word  any  number  of  places  to  the  left  or  right  in 
a single  clock  time. 


Base  Registers  1 and  2 (BR1*  BR2):  The  Base  Registers  are 
two  8-bit  registers  in  the  Memory  Control  Unit  of  the 
Interpreter*  which  usually  contain  the  base  address  of 
a 256-word  block  of  Data/Program  Memory. 


Base  (S)  Registers:  There  are  two  sets  of  eight  Base  Regis- 
ters in  the  AN/UYK-7  used  extensively  in  multi- 
programming and  mul t i -process i ng.  Base  registers  are 
used  for  operand  address  cal cul at i ons . 


8R1  and  BR2:  Base  Registers  1 and  2 in  the  Interpreter. 


Building  Slock:  The  term  used  to  describe  the  primary  func- 
tional units  of  the  Interpreter  Based  System  and  in- 
cludes: Interpreter*  Data/Program  Memory  and  Switch  In- 
terlock. 


Control  Memory  Registers  (CMR):  A block  of  89  registers  in 
the  AN/UYK-7  useo  for  special  fast  memory  operations. 


Condition  Register  (COND):  The  COND  is  a 12-bit  register  in 
the  Control  Unit  of  the  Interpreter  and  is  used  to 
store  various  condition  bits  for  use  during  program  ex- 
ecut ion. 


Central  Processing  Unit  (CPU):  The  primary  arithmetic  and 
control  unit  in  a conventional  computer  system. 


Condition  Select:  The  condition  select  is  a matrix  of  gates 
in  the  Control  Unit  of  the  Interpreter  that  computes 
the  results  of  a computation  or  logic  operation  in  the 
Logic  Unit  with  a preselected  result.  The  results  of 
the  comparison  may  be  used  to  determine  the  sequence  of 
execution  of  microprogram  instructions. 


Control  Unit  (CU):  The  CU*  one  of  the  five  functional  units 
of  the  Interpreter*  is  used  for  condition  testing  and 
the  storage  and  distribution  o4  enable  signals  received 
from  the  nanoinstructions. 
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Counter  (CTR);  The  CTR  is  an  8-bit  counter  in  the  Z register 
section  of  the  Memory  Control  Unit  of  the  Interpreter/ 
used  for  loop  control  and  other  counting  functions. 


CTR:  Counter  in  the  Interpreter. 


Data/Program  Memory:  The  Oata/Program  Memory  of  the  Inter- 
preter# also  called  S-Memory#  provides  storage  for  data 
and  program#  and  functions  similarly  to  the  main  memory 
modules  of  a conventional  computer  system. 


Emulation:  Describes  a process  through  which  the  hardware 
components  of  one  machine  (Host)  are  made  to  "appear" 
to  assume  the  specific  characteri st ics  of  the  hardware 
of  another  machine  (target). 


End-Around-Shi f t : A shift  operation  in  either  the  left  or 
right  direction#  in  which  the  bit  or  bits  which  would 
be  shifted  out  of  the  register  are  reinserted  in  the 
more  significant  end. 


End-Off-Shift:  A shift  operation  in  either  the  left  or  right 
direction#  in  which  the  bit  or  bits  shifted  out  of  the 
register  are  lost.  Vacated  bit  positions  are  automati- 
cally replaced  by  zeros. 


Firmware:  In  the  Interpreter  Based  System#  firmware  is  the 
combination  of  stored  logic  in  the  micro-memory  and  the 
hardware  logic  of  the  Interpreter. 


GC  Bits:  A set  of  two  (GC1#  GC2)  global  condition  bits  in 
the  Interpreter.  They  are  used  as  lockouts  during  com- 
munications to  the  I/O  processor. 


HALFFETCH:  A subroutine  written  for  the  Emulator#  which  is 
executed  when  a halfword  instruction  has  been  decoded. 


Horizontal:  A type  of  microprogramming  instuction  which  con- 
trols multiple  gates  simultaneously  allowing  parallel 
functions  to  execute. 


Host:  A term  used  in  Emulation  to  define  the  machine  on 
which  another  machine  is  to  be  emulated  (imitated).  In 
this  thesis  the  Burrough's  D-Machine. 
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ICw:  Indirect  Control  Word  in  the  AN/UYK-7. 


IFE1CH:  A subroutine  written  for  the  Emulator#  which  reads 
the  next  instruction  from  main  memory#  deciphers  the 
Op-code  and  passes  control  to  the  appropriate  Op-code 
execution  subroutine. 


Incrementer  (INCR):  The  INCR  is  in  the  Memory  Control  Unit 
of  the  Interpreter  and  increments  the  address  of  the 
next  microinstruction  to  be  executed  by  the  Interpreter 
by  zero#  one  or  two#  depending  on  the  successor  in- 
struction which  is  either  implied  or  specified.  A WAIT 
causes  an  increment  by  zero#  a STEP  causes  an  increment 
by  one#  and  a RETN  causes  an  increment  by  two. 


Indirection:  An  addressing  technique  or  mode  of  operation  of 
the  AN/UYK-7  in  which  Y-Ooerand  address  calculation 
points  to  an  Indirect  Control  word  (ICW)  which  in  turn 
points  to  the  operand  or  another  ICW.  Indirection  is 
determined  by  the  i-field  of  an  instruction. 


Indirect  Control  Word  (ICW):  The  ICW  is  a 32-bit  word  in  the 
AN/UYK-7  used  in  Indirection  which  can  be  broken  down 
into  several  fields.  The  fields  determine  the  mode  of 
indirect  address  calculation  to  be  used  in  pointing  to 
the  next  ICW  or  the  Y-Ooerand. 


Indexing:  An  addressing  technique  wherein  the  normal  address 
calculated  is  i ncremented/decremented  (indexed)  by  the 
value  in  the  specified  index  register. 


Index  (B)  Register:  There  are  two  sets  of  seven  Index  Regis- 
ters in  the  AN/UYK-7.  They  provide  the  ability  to  per- 
form Indexing  during  memory  referencing#  and  may  also 
be  used  as  counters. 

INT:  An  Interrupt  signal  issued  by  an  Interpreter. 


Interpreter:  The  Interpreter  is  the  basic  building  block  of 
the  Interpreter-Based  System.  Functionally#  it  is 
characteri zed  by  the  combination  of  microprogram  in- 
structions stored  in  its  M memory  and  the  combination 
of  bits  in  its  nanoi nst ruct i on  which  enable  signals  to 
implement  the  hardware  logic. 


Interpreter-Based  System:  A computer  design  concept  that 
provides#  in  the  form  of  basic  building  blocks#  the 
throughput  and  flexibility  for  a variety  of  data  pro- 
cessing requirements. 


Interrupt:  In  the  AN/UYK-7#  the  Interrupt  signals  the  cen- 
tral processor  to'cease  its  normal  instruction  flow  and 
respond  to  a request  for  services.  In  the  0-Machine# 
Interrupt  (INT)  is  a flag  which  may  be  set  between  pro- 
cessors signalling  that  a message  has  been  placed  in 
the  Mailbox. 


Least  Significant 


significant  on  (LSB):  ror  a numoer  or  value 
represented  in  binary  notation#  that  bit  position  which 
represents  the  least  significant  portion  of  the  number. 


number 


value 


LIT:  Literal  Register  in  the  Interpreter. 


Literal  Reqister  (LIT):  An  8-bit  register  in  the  Z section 
of  the  Memory  Control  Unit  of  the  Interpreter#  which  is 
used  for  temporary  storage  of  literals  from  microin- 
st  ruct i ons . 

Logic  Unit  (LU):  The  LU  is  one  of  the  five  major  functional 
units  of  the  Interpreter.  It  performs  all  of  the  ar- 
tihmetic#  Boolean  logic#  and  shifting  operations  of  the 
Interpreter . 


Mailbox:  An  address  (64K)  in  the  Interpreter’s  S-Memory 
which  is  used  for  passing  messages  between  Interpreters 
and  the  IOP. 


MAR:  Memory  Address  Register  in  the  Interpreter. 


Memory  Address  Register  (MAR):  The  MAR  is  an  8-bit  register 
in  the  Memory  Control  Unit  of  the  Interpreter#  which 
contains  the  least  significant  8 bits  of  a memory  or 
device  address. 


Memory  Control  Unit  (MCU):  The  MCU  is  one  of  the  five  major 
functional  units  of  the  Interpreter.  It  controls  the 
sequence  of  execution  for  microinstruct ions#  the  ad- 
dressing of  Data/Program  Memory;  and  the  selection  of 
devices. 
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Memory  Information  Register  (MIR):  Th^  MIR  is  a register  in 
the  Logic  Unit  of  the  Interpreter  which  serves  as  the 
output  interface  register  between  the  Interpreter  and 
the  Switch  Interlock. 


Microprogram  Address  Control  Register  (MPAD  CNTL):  The  MPAD 
CNTL#  . a register  in  the  Memory  Control  Unit  of  the  In- 
terpreter - controls  the  loading  of  the  MPCR  and  the 
AMPCR#  and  determines  the  value  of  the  increment. 


Microprogram  Count  Register  (MPCR):  The  MPCR#  located  in  the 
Memory  Control  Unit  of  the  Interpreter#  is  a 12-bit  re- 
gister that  usually  contains  the  address#  in  M-memory# 
of  the  mi croi nst ruct ion  presently  being  executed  by  the 
Interpreter . 


Microprogram  Memory  (M-Memory):  The  M-Memory  is  one  of  the 
five  major  functional  units  of  the  Interpreter.  It 
stores  microinstructions  which  characterize  the  inter- 
preter for  a given  apolication#  and  may  be  implemented 
as  a read/write  semi  conductor  memory. 


Mi croprogrammi ng : A technique  for  implementing  the  control 
functions  of  a digital  computer  using  programmable  con- 
trol signals  in  a separate  memory  called  a control 
store#  which  is  organized  on  a word  basis. 


MIR:  Memory  Information  Register  in  the  Interpreter. 


Monoprogrammi ng:  A general  computer  operating  environment  in 
which  one  program  at  a time  is  executed. 


Most  Significant  Bit  (MSB):  For  a number  or  value  represent- 
ed in  binary  notation#  that  bit  position  which 
represents  the  most  significant  portion  of  the  number# 
or  the  sign  of  the  number. 


.MPCR:  The  Microprogram  Count  Register  in  the  Interpreter. 


Mul t {programming:  A general  computer  operating  environment 
in  which  more  than  one  program  at  a time  is  executed 
with  each  given  a fixed  time  slice. 
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Multiprocessing:  A qeneral  computer  operating  environment  in 
which  two  or  more  central  processors  execute  simultane- 
ously# and  share  resources#  such  as#  memory  and  I/O 
devices. 


Multiprocessor:  A network  of  computers  capable  of  simultane- 
ously executing  two  or  more  programs  or  sequences  of 
instructions  by  means  of  multiprogramming#  parallel 
processing  or  both. 


Nanoinstruction:  A single  instruction  stored  in  N-Memory  of 
tha  Interpreter#  the  contents  of  which  constitue  56 
unique  signals  for  controlling  hardware  logic  of  the 
Interpreter . 


Nanomemory  (N-Memory):  The  N-Memory#  one  of  the  five  func- 
i tional  units  of  the  Interpreter#  stores  56  specific  en- 

able signals  for  the  hardware  logic  within  the  Logic 
Unit#  Control  Unit#  and  Memory  Control  Unit. 


Page:  A grouping  of  addresses  of  fixed  length.  In  the  Emu- 
lator the  AN/UYK-7  memory  was  treated  as  eight  pages  of 
8K  each. 


PAR:  Program  Address  Register  in  the  AN/UYK-7. 


Program  Address  Register  (PAR):  A register  in  the  AN/UYK-7 
which  holds  the  address  of  the  next  instruction  to  be 
accessed. 


Port  Select  Unit  (PSU):  The  PSU  provides  control  and  the 
electrical  interface  between  a single  Interpreter  and 
its  Devices  and  Data/Program  Memory. 


Shift  Amount  Register  (SAR):  The  SAR  is  a 6-bit  register  in 
the  Control  Unit  of  the  Interpreter  and  is  used  to 
store  the  number  of  positions  a word  or  literal  is  to 
be  shifted  by  the  barrel  switch. 


Switch  Interlock  (SMI):  The  SMI  provides  the  interconnection 
between  Interpreters#  Data/Program  Memory#  and  Devices 
of  an  Interpreter  Based  System.  Its  function  is  to 
permit  any  one  of  a multiplicity  of  Interpreters  to  ac- 
cess all  modules  of  an  array  of  Data/Program  Memory 
and/or  all  Devices. 


--■w,. ..  I ^B u — . 
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Target:  A term  used  in  Emulation  to  define  a machine  to  be 
emulated  (imitated).  In  this  thesis*  the  AN/UYK-7. 


TRANSLANG:  A computer  programming  language  designed  to  con* 
vert  pseudo-English  language  statements  defining  the 
action  of  the  Interpreter  for  each  machine  cycle  into 
binary  patterns  for  the  M-Memories. 


Vertical:  A microprogramming  instruction  which  controls 

those  gates  needed  for  a single  function  execution. 


Z Register  Section:  A collection  of  registers  and  selection 
gates  in  the  Memory  Control  Unit  of  the  Interpreter* 
which  includes  the  CTR*  LIT*  and  Input  Selection  gates 
used  to  control  the  execution  sequence  of  mi c roi nst ruc- 
t i ons . 
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